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GENERAL INTRODUCTION 
The soil environment is affected by many factors. There 
is a need to determine which factors affect sustainability and 
the subsequent productivity of the soil resource. Some 
management practices concurrently contribute to the 
degradation of soil, groundwater, and atmosphere. Crop 
production systems using conventional tillage methods lead to 
the oxidation of soil organic carbon (SOC) (Anderson et al., 
1990; Unger, 1968), and subsequent loss of CO; from the soil. 
This could contribute to the greenhouse effect (Bouwman, 
1989). Tillage systems also affect soil structure, density, 
and hydraulic properties (Hill, 1990; Karlen et al., 1990). 
The rate of atmospheric COj increases is about half that 
predicted based on emissions (Takahashi, 1989) thus increasing 
interest in the atmospheric CO; balance, and in C source-sink 
relationships. Oceans contain 50 times the CO; of the 
atmosphere and 20 times that of the terrestrial biosphere 
(Takahashi, 1989) and were initially thought to absorb 26 to 
44% of the CO; released in the Industrial Revolution (Tans et 
al., 1990). Newer models suggest oceans may only absorb about 
20% and that northern forests may be sequestering considerable 
amounts of industrial C (Takahashi et al., 1992; Tans et al., 
1990). Soil has great potential as a CO; sink (Kern and 
Johnson, 1993; Wallace et al., 1990). On a global scale, soil 
stores about twice as much CO; as is in the atmosphere, and 
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three times that in plants (Paul and Clark, 1989). Annual C 
releases from fossil fuel emissions are about 5000 Tg (Tans et 
al., 1990) with 40 to 50% of that remaining in the atmosphere 
(Takahashi, 1989; Takahashi et al, 1992; Wallace et al., 
1990). Wallace et al. (1990) suggest that it will be 
necessary to remove 3000 Tg from the atmosphere or prevent its 
release to maintain atmospheric CO; concentration at levels 
that limit global warming. They propose that use of no-till 
cropping worldwide could simultaneously solve the world 
greenhouse problem by sequestering atmospheric carbon and 
improve soils through increasing SOC. Kern and Johnson (1993) 
more modestly (and realistically) suggest that increasing 
conservation tillage usage in the U.S. from 27% (current 
level) to 76% of field cropland planted would convert 
agricultural systems from C sources to C sinks, sequestering 
up to 450 Tg C as SOC. No such estimates are available for 
cropping systems. 
Soil management practices affect the quantity of COj that 
is stored in, or liberated from, the soil (Kern and Johnson, 
1993). Altering SOC levels affects soil physical and chemical 
properties. The cost or benefit of such changes is not clear. 
Karlen et al. (1990) noted a need for studies to increase 
knowledge on the effects of tillage and crop sequence on pore 
characteristics. While many studies have addressed the 
effects of tillage systems on soil organic carbon (SOC) and 
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soil physical properties (SPP) (Allison, 1973; Anderson et 
al., 1990; Bauer and Black, 1981; Havlin et al., 1990; Hill, 
1990; Unger, 1968; Wagger and Denton, 1989), few have 
addressed cropping system effects on SPP. Conventional 
tillage decreases SOC levels, while conservation tillage 
methods tend to conserve or increase SOC levels. Several 
researchers have investigated the effects of selected cropping 
practices on SOC (Havlin et al., 1990; Ridley and Hedlin, 
1968; Rasmussen et al., 1980). Larson et al. (1972) found SOC 
of a Typic Hapludoll in southwest Iowa was linearly related to 
annual residue additions, and estimated that 6 Mg/ha residue 
was required to maintain the initial 18 g/kg SOC level. Some 
have examined the effects of fertilizer management on SOC 
(Rasmussen and Rohde, 1988), but again little has been done to 
determine the effects on SPP. Skidmore et al. (1986) found a 
difference in the pore size distribution and saturated 
hydraulic conductivity of surface horizons from sorghum plots 
versus those from wheat plots. Hageman and Shrader (1979) 
found that organic matter content of a Typic Haplaguoll was 
affected more by crop rotation than by N fertilizer additions. 
They also found that SOC was inversely related to bulk 
density. Odell et al. (1984) reported that crop rotations 
retarded the loss of SOC relative to continuous corn on an 
Aquic Argiudoll, and that appropriately fertilized crop 
rotations produced the highest crop yields and maintained SOC 
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at the highest level. Wood et al. (1991a) found that 
differences in SOC were a function of residue management on a 
Typic Hapludult, noting that rotations including corn 
conserved more SOC than those with soybean. Others had 
similar findings for rotations including cereals or legumes 
that returned greater quantities of residue to the soil 
(Gosdin et al., 1949; Hargrove, 1990; Wood et al., 1991b). 
One reason for this paucity of data on the effects of 
crop rotations and fertility practices could be the indirect 
effect these management systems have on SPP. Tillage results 
in dramatic, but transient, changes to bulk density and 
hydraulic properties. Changes associated with cropping and 
fertility practices are more subtle. As the cropping and 
fertility practices affect SOC levels, and soil microbial and 
microfaunal activity, changes in the SPP may result. 
Soil conditions are dynamic. Soil structure changes over 
the course of a growing season, which is easily seen as soil 
consolidates after a tillage event. Chang and Lindwall (1989) 
found no tillage treatment effects within a sampling period 
(four sampling periods within one year), but found that bulk 
density, saturated hydraulic conductivity, and other physical 
properties varied among sampling times. Rickerl and Smolik 
(1990) found changes in bulk density from April through July 
differed with tillage systems. Carter (1988) noted that the 
depth and extent of loosening decreased with time after 
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tillage. Even without tillage, many aggregates change in size 
and shape with each wetting and drying cycle in the soil 
(Terpstra, 1989). More information on changes in physical 
properties with time is needed. 
This study had several objectives. The primary objective 
was to determine the effects of long-term cropping and 
fertility management systems on: 1) soil organic carbon 
levels; and 2) selected soil physical properties. The 
physical properties selected were soil bulk density, pore size 
distribution and characteristics, soil water retention 
characteristics, and hydraulic properties. A secondary 
objective was to observe temporal effects on soil properties 
through several sampling times. A final objective was to 
design and construct a shatterproof one-piece bubble 
humidifier/water trap to replace the Erlenmeyer flasks used 
previously in the pressure desorption apparatus. 
Explanation of the Dissertation Format 
This dissertation is composed of a General Introduction, 
three papers, a General Summary, Additional References, and 
Appendices. The first two papers are manuscripts that will be 
submitted to the scientific journals of the American Society 
of Agronomy. The first paper addresses long-term management 
effects on soil organic carbon. The second paper addresses 
management effects on soil physical properties. The last 
paper describes the design and construction of a bubble 
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humidifier\water trap, and will be submitted as a Note to the 
Soil Science Society of America Journal. Additional 
References contains those cited in the General Introduction 
and General Summary. There are three appendices. Appendix A 
contains information about the experimental design and 
statistical procedures used. Appendix B discusses effects of 
water content at sampling on bulk density of collected samples 
mentioned in the second paper. Appendix C addresses issues 
concerning curve-fitting the van Genuchten (1980) equation 
identified in the second paper. Appendix D contains raw data 
used in all analyses. 
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PAPER I. LONG-TERM CROPPING SYSTEM AND 
NITROGEN MANAGEMENT EFFECTS ON SOIL ORGANIC CARBON 
8 
Long-term cropping system and nitrogen management 
effects on soil organic carbon 
C.A. Robinson' 
C.A. Robinson, Eastern New Mexico Univ., Station 11, Portales, 
NM 88130; 'Corresponding author. 
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ABSTRACT 
Soil properties are affected by time and fertilizer, 
tillage, and cropping systems selections. This study 
addressed the effect of several Iowa long-term cropping 
systems/fertility treatments on soil organic carbon (SOC) 
levels. Five rotations and two N fertility levels at three 
sites maintained for 12 to 36 yr were selected for study. A 
75-yr continuous corn site with a 40-yr N-P-K rate study was 
also selected. Soils were primarily Typic and Aquic 
Hapludolls and Typic Haplaquolls. Historical SOC levels were 
available for two sites. Four-year rotations consisting of 
corn (Zea ways), oat {Avena sativa), and meadow (alfalfa 
[Medicago sativa], or alfalfa and red clover [Trifolium 
pratense]) resulted in highest SOC levels, while silage and 
no-fertilizer treatments had the lowest. A corn-oats-meadow-
meadow rotation had no SOC losses after 34 years on one soil. 
Continuous corn resulted in SOC and N losses during 35 yr of 
manure and lime treatments. SOC and N levels increased on 
fertilized plots when N-P-K treatments were imposed. 
Fertilizer N, initial SOC levels, and previous management 
significantly affected current SOC levels. Discriminant 
analysis revealed that residue additions were the primary 
factor affecting current SOC levels, indicating that N 
affected SOC levels by increasing biomass production. Soil 
type was the only significant factor affecting soil N levels. 
10 
C;N ratios were constant over time and fertilizer treatment. 
All treatments had significantly lower SOC levels than 
adjacent fence-row plots. Data were used to test predictive 
ability of a SOC dynamics model. 
11 
INTRODUCTION 
The role of carbon dioxide CO; as a greenhouse gas, and 
its contribution to global warming has gained much attention. 
The Industrial Revolution increased fossil fuel consumption 
and caused the release of great quantities of CO; and other 
greenhouse gasses (Tans et al., 1990; Wallace et al., 1990; 
Wittwer, 1990). Goreau (1990) proposed the following balance 
for atmospheric 00%: 
d(C02)/dt = C + D + R+ S + 0- P- I- B 
where d(C02)/dt = rate of CO; change with time, 
C = fossil fuel consumption, 
D = deforestation and destruction of biomass and 
soil C, 
R = terrestrial plant respiration, 
S = respiration from soils and decomposers, 
0 = flux from oceans to atmosphere 
P = terrestrial photosynthesis 
1 = flux from atmosphere to oceans 
B = organic and limestone C burial in sediments and 
soils. 
Though many aspects of this balance are uncertain due to 
inadequate or insufficient measurements, several elements are 
directly affected by agronomic practices. Agriculture 
contributes to atmospheric CO; emissions through fossil fuel 
consumption, clearing of forested lands for food production 
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(Goreau, 1990; U.S. Congress, 1991; Wallace et al., 1990), and 
through cropping, tillage, and water management systems that 
affect soil organic carbon (SOC) levels. 
Soil organic carbon changes can be attributed to crop 
species, crop rotation, residue disposal, fertilizer 
applications, tillage practices, and other management factors 
(Havlin et al., 1990; Unger, 1968). Studies by Anderson et 
al. (1990), Bauer and Black (1981), and Havlin et al. (1990) 
independently observed SOC losses closely related to tillage, 
with greater losses consistently related to greater tillage 
intensity. This relationship can be modified through other 
management practices, such as manure applications that may 
result in increased SOC even with high intensity conventional 
tillage (Anderson et al., 1990), or crop rotations that may 
retard SOC losses relative to those observed in continuous 
corn systems (Odell et al., 1984). This illustrates the 
complex nature of SOC equilibria related to soil management 
activities. 
Determining rates of SOC change is challenging due to 
soil and management interactions involved in SOC equilibria 
processes. SOC changes have been linearly related to N 
fertilizer treatments, with changes related to total residue 
production (Rasmussen and Rohde, 1988). Mann (1986) reported 
C losses from a variety of cultivated soils averaged less than 
20% of initial values, and stated that quantity and direction 
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of change was related to initial C values. Mann (1986) noted 
the greatest rate of change in the first 20 yr, while Lucas et 
al. (1977) suggested that more than 60 yr were required to 
approach new steady-state conditions on Michigan soils and 
proposed an SOC dynamics model. Bowman et al. (1990) reported 
SOC losses of 62% in an Aridic Argiustoll after 60 yrs of 
cultivation and noted that more than half the loss occurred in 
the first three years. The quantity and direction of change 
in SOC, and the time required to achieve new equilibria will 
be ecosystem dependent since climate, parent materials, 
topography, biotic factors, and time affect soil equilibria 
(Jenny, 1941). 
The potential impact of SOC management on atmospheric CO; 
is clear. However, the impact of long-term soil and crop 
management on SOC levels, and subsequently on sustainability 
of the soil resource, is not. The objective of this study was 
to determine the effects of several Iowa long-term cropping 
systems and fertilizer applications on SOC levels of Typic 
Haplaquolls and Typic Hapludolls, and to use the data in 
testing an SOC dynamics model. 
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METHODS AND MATERIALS 
Several long-term rotation studies exist in Iowa. 
Rotations at three sites were chosen for study; North Central 
Research Center (North Central), Northwest Research Center 
(Northwest), and Northeast Research Center (Northeast). The 
rotation study at North Central was established in 1954 on a 
Webster soil (fine-loamy, mixed, mesic Typic Haplaquoll) 
formed in till-derived sediments. The mean particle size 
distribution was 21.9% sand, 44.9% silt, and 33.2% clay. The 
rotation at Northwest was established in 1956 on a Galva soil 
(fine-silty, mixed, mesic Typic Hapludoll) formed in loess 
over till with an average particle size distribution of 2.6% 
sand, 62.2% silt, and 35.2% clay. The rotation at Northeast 
was established in 1979 on Kenyon (fine-loamy, mixed, mesic 
Typic Hapludoll) and Readlyn (fine-loamy, mixed, mesic Aquic 
Hapludoll) soils formed in reworked till sediment. The mean 
particle size distribution was 31.9% sand, 45.6% silt, and 
22.4% clay. 
The experimental design at two sites (North Central & 
Northwest) was a split-split plot design, replicated twice, 
with crop year as the main plot, crop rotation as the subplot, 
and nitrogen (N) fertilizer rates as sub-subplots. Sub-
subplot size was 12.2 x 6.1 m (74.3 m^) . The experimental 
design at Northeast was a split plot design, replicated three 
times, with rotation as the main plot and N rate as the 
15 
Table 1. Treatments selected for study 
Crop Rotation N Rates' 
kg/ha 
North Central 
Continuous Corn, grain (Cg-ON) 0 
Continuous Corn, grain (Cg-N) 180 
Corn-Soybean-Corn-Soybean (CSb) 180 
Corn-Corn-Oats-Meadow (CCOM) 180 
Corn-Oats-Meadow-Meadow (COMM) 180 
Fence Row for comparison (FR) 
Northeast 
Continuous Corn, grain (Cg-ON) 0 
Continuous Corn, grain (Cg-N) 180 
Continuous Corn, silage (Cs-ON) 0 
Continuous Corn, silage (Cs-N) 180 
Corn-Soybean (CSb) 180 
Corn-Corn-Oats-Meadow (CCOM) 180 
Fence Row for comparison (FR) 
Northwest 
Continuous Corn, grain (Cg-ON) 0 
Continuous Corn, grain (Cg-N) 200 
Continuous Corn, silage (Cs-ON) 0 
Continuous Corn, silage (Cs-N) 200 
Corn-Soybeans-Corn-Soybeans (CSb) 200 
Corn-Corn-Oats-Meadow (CCOM) 135 
Corn-Oats-Meadow-Meadow (COMM) 135 
Fence Row for comparison (FR) 
" Applied to corn plots only. P & K applied as needed. 
subplot. Subplot size was 15.2 x 4.6 m (69.7 m^) . Meadow was 
alfalfa or a mixture of alfalfa and red clover. The 
treatments selected for study are shown in Table 1. Fence-row 
samples were taken for comparison to a noncropped soil. 
Conventional tillage systems were used, but varied with 
site. Since the late 1970s, chisel and field cultivating 
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operations replaced some moldboard operations. Soybean 
{Glycine max) and corn were cultivated once or twice after 
emergence and before canopy closure. Meadow crops were 
interseeded with oats and received no subsequent tillage until 
the meadow crop was plowed. Oat straw was baled and two or 
three cuttings were taken from the meadow annually. Herbicide 
treatments were used to control weeds and to kill the meadow 
before plowing. 
Composite samples for SOC analysis were taken from the 0 
to 15-cm depth and pooled over all sampling times for each 
plot. Sampling times were 8/90, 10/90, 6/91, 8/91, and 10/91. 
Composite samples taken in 1957 (year of initiation) were 
available for the Northwest site. 
A continuous corn experiment was established on the 
original Agronomy Farm near Ames in 1915. The soils were 
Nicollet (fine-loamy, mixed, mesic Aguic Hapludoll) and 
Clarion loams (fine-loamy, mixed, mesic Typic Hapludoll). 
Considerable variability in SOC existed on the site as 
evidenced from 1936 data (Figure 1). The original experiment 
had four treatments with no replication; manure, lime, manure 
+ lime and no amendments (checks). The manure rate was 4.5 Mg 
ha"' yr"' and lime was added as needed to neutralize acidity. 
These plots were 51.2 x 8.5 m (437 m^) . In 1952, a nitrogen-
phosphorus-potassium (N-P-K) fertilizer rate study was 
established on the original study area with four N rates (0, 
17 
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22 
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20 
Figure 1. 1936 SOC levels and manure-lime plot design at 
original Agronomy Farm 
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45, 90, and 180 kg/ha) and two P-K rates (0 and 67 kg/ha). 
The eight N and P-K combinations were randomly located on each 
of the former plots. The Clarion soil was excluded from the 
N-P-K study. The N-P-K plot sizes were 6.4 x 8.5 m (54.6 m^) . 
The 45 kg N/ha rate was changed to 270 kg N/ha in 1977. This 
plot was not used in the 1992 fertilizer evaluation. Other 
cultural practices included conventional tillage and herbicide 
treatments. Plots were sampled for SOC in 1917, 1936, 1952, 
1958, and 1992. 
The Walkley-Black method (Nelson and Sommers, 1982) was 
used for SOC determination on the rotation studies and the 
Leco CHN-800 (Tabatabai and Bremner, 1991) was used to 
determine carbon and nitrogen on the 1992 Agronomy Farm N-P-K 
samples. Previous total carbon determinations were made using 
a dry combustion technique (Winters and Smith, 1929). 
Previous nitrogen determinations were made using the Kjeldahl 
method modified to include nitrates (Bartholomew et. al., 
1957) . 
Analysis of the cropping systems studies first determined 
the effect of crop year within rotation (i.e., 0 year in COMM) 
on SOC levels. Orthogonal contrasts revealed no significant 
differences in SOC due to crop year within the rotation. 
Therefore, all data for each rotation, despite crop year, were 
pooled and analyzed for differences due to rotation. 
Individual locations were analyzed using actual SOC levels. 
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Relative SOC levels were used in a combined analysis that 
examined the cropping systems common to all locations. 
Relative SOC levels were calculated by dividing actual SOC 
levels by the fence row SOC level at each site. All 
statistical analyses used the SAS Package (SAS, 1988). 
Treatments were reckoned such that data sets were unbalanced 
in analyses by location, and by location and time (i.e., Cg-N 
was replicated twice in 4 main plots, while oats from CCOM was 
replicated twice in one main plot). This analysis used the 
general linear model procedure from SAS and Type III sums of 
squares. Specific, one-df contrasts were used to determine 
differences among cropping systems. The Agronomy Farm N-P-K 
study was analyzed using covariate analysis to include the 
effect of 1952 SOC levels on subsequent SOC levels. Relative 
SOC levels were calculated based on the 1917 SOC levels for 
the manure-lime study and for the N-P-K rate study. A 0.05 
significance level was used for all analyses. 
Residue additions to continuous corn plots were estimated 
from yield data and a conversion factor of 1.5 kg residue per 
kg grain harvested (Donald and Hamblin, 1976). Residue 
additions to silage plots was estimated at 5% of harvest 
weight (after Lucas et al., 1977). These data were plotted 
for the rotation/fertility studies. Stepwise discriminant 
analysis with a 0.15 significance level for forward and 
backward selection was used to test whether residue additions. 
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fertilizer treatments, and initial SOC significantly affected 
1992 SOC levels. 
A mathematical model of soil carbon dynamics that 
predicted SOC levels from residue quantities (Lucas et al., 
1977) was applied to data obtained from the continuous corn 
experiment on the original Agronomy Farm. Annual soil carbon 
inputs (I) were calculated from average yields assuming 1.5 kg 
residue per kg grain harvested (Donald and Hamblin, 1976). 
This residue was assumed to contain 44% C, of which 30% 
eventually would enter the SOC pool. The contribution of 
manure was assumed to be 10% C, with the same fraction 
entering the SOC pool. The plow layer mass was assumed to be 
2 X 10® kg/ha. The model was stated as follows; 
X„ = (X„ - X.,) (1 - d - e)" + X„ n = 0,1,2... 
where; X„ = soil carbon content (g SOC per kg soil) at 
the beginning of year n, 
Xo = initial soil carbon content (g SOC per kg 
soil), 
d = soil carbon decomposition rate (fraction 
of carbon decomposed annually), 
e = soil carbon erosion rate (fraction of soil 
carbon lost by erosion annually), 
X„= steady-state level of soil carbon, 
= I/[(2 X 103) (d + e)], 
I = soil carbon input. 
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Lucas et al. (1977) assumed d=0.025 for their climate and 
fixed e for given tillage practices and slope. For this 
application, fits were obtained to estimate the sum, d + e. 
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RESULTS AND DISCUSSION 
Rotation-Fertility Studies 
Rainfall, parent material and other pedogenic factors 
contributed to the development of soils with varying initial SOC 
levels (Jenny, 1941). These soils also differed in response to 
management practices. Thus location and cropping systems both 
significantly affect relative SOC levels (Table 2) (relative to 
fence row SOC levels at each site) . The 4-yr rotation had a 
relative SOC level of 0.69. The relative SOC levels in the 
continuous corn systems were 0.64 with N fertilizer and 0.59 
without while the relative SOC level of the corn-soybean rotation 
was 0.61. Relative SOC levels by location were North Central, 
0.63; Northeast, 0.57; and Northwest, 0.70. The implication was 
that soils at Northeast were the most susceptible to degradation 
from cropping and the tillage operations involved, while the soils 
at Northwest were the least susceptible. It was likely that the 
finer-textured soils present at Northwest physically stabilized SOC 
against exposure and decomposition (Voroney et al., 1981). North 
Central had a higher clay content and higher initial SOC levels 
than Northeast. Those mineral soils with greater initial SOC 
levels are somewhat less susceptible to degradation under cropping 
and tillage. 
Cropping system significantly affected SOC levels at all 
locations (Table 3). Clearly defined differences existed 
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Table 2. ANOVA table for location and cropping systems using 
relative SOC levels 
Source df Sum of 
Squares 
Mean 
Square 
F 
Value 
P > F 
Model 
Location 
Cropping System 
Error 
Total 
11 
2 
3 
6 
11 
0.0505 
0.0314 
0.0155 
0.0036 
0.0505 
0.0046 
0.0157 
0.0052 
0.0006 
25.99 
8.59 
0.0011 
0.0137 
Contrasts: Cropping systems 
Cg VS others 1 0.0025 0.0025 4.15 0.0877 
CSb VS others 1 0.0026 0.0026 4.24 0.0850 
CCOM VS others 1 0.0017 0.0117 19.48 0.0045 
Contrasts; Locations 
N. Central vs Northeast 1 0.0072 0.0072 12.01 0.0134 
Northwest vs others 1 0.0241 0.0241 39.98 0.0007 
among the cropping systems means at North Central and Northwest, 
while differences at Northeast were not as well defined (Table 4). 
These differences were attributed to the time the systems had been 
in place. North Central had been ongoing for 36 yr, Northwest for 
34 yr, while Northeast for only 12 yr. Northeast had completed 
three full cycles of the 4-yr crop rotations while the other sites 
had completed 8.5 to 9. Twelve years was apparently enough 
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Table 3. ANOVA table for cropping systems effects on SOC by 
location 
Source df Sum of 
Squares 
Mean 
Square 
F 
Value 
P > F 
North Central 
Model 9 1179.8 131.1 19.16 0. 0001 
Cropping System 4 1093.9 273.5 15.92 0. 0047 
Error (Cropping System) 5 85.9 17.2 
Error (Model) 150 1026.2 6.9 
Total 159 2206.0 
Northeast 
Model 17 383.6 22.6 6.00 0. 0001 
Cropping System 5 243.7 48.7 4.18 0. 0196 
Error (Cropping System) 12 139.8 11.7 
Error (Model) 132 496.2 3.8 
Total 149 879.7 
Northwest 
Model 13 565.8 43.5 13.46 0. 0001 
Cropping System 6 543.9 90.6 33.53 0. 0001 
Error (Cropping System) 7 18.9 2.7 
Error (Model) 105 339.5 3.2 
Total 118 905.3 
for the differences in cropping systems to appear, but not 
adequate time for those differences to become marked. It 
would be expected that in another 10 to 30 yr, the differences 
at Northeast would become more pronounced, as at the other 
locations. However, SOC levels at North Central and Northwest 
may not reflect steady-state levels, either, as Lucas et al. 
(1977) suggested that 60 or more years of continuous 
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Table 4. Soil organic carbon levels by location and cropping 
system 
Location 
N. Central Northeast Northwest 
Cropping System SOC, g/kg 
Cs-ON — 18.5c' 21.5d 
Cs-N - 18.9bc 23.2c 
Cg-ON 25.3c 20.9abc 23.5c 
Cg-N 29.4b 21.lab 25.7b 
CSb 28.2b 19.7bc 23.7c 
CCOM 32.1a 21.9a 27.2a 
COMM 32 . 3a - 27.9a 
FR'' 46.1 36.4 35.6 
* Means within a column (location) with the same letter are 
not significantly different at the 0.05 level. 
FR shown for comparison. 
management may be required for such conditions to develop. At 
Northeast, the SOC level for the CCOM rotation was different 
only from those of the corn silage and corn-soybean 
treatments, and the SOC level for N-fertilized corn for grain 
differed from that for unfertilized silage corn. Similar 
patterns for cropping systems existed at North Central and 
Northwest. The 4-yr rotations had greater SOC levels than all 
other cropping systems. The N-fertilized grain corn followed 
at both locations, though corn-soybean SOC levels were similar 
to N-fertilized grain corn at North Central. At Northwest, 
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corn-soybean system SOC levels were similar to those of 
unfertilized grain corn and fertilized silage systems. The 
unfertilized silage system had the lowest SOC levels of any 
system examined. These results seemed to agree, in part, with 
those of Hageman and Shrader (1979) who found that organic 
matter content of a Typic Haplaquoll was affected more by crop 
rotation than by N fertilizer additions. Though in this study 
N fertilizer additions significantly affected SOC levels 
within cropping systems, it seemed the cropping system 
determined the general SOC level. Over 34 yr of cropping at 
Northwest, SOC levels decreased significantly on all systems 
except COMM (Table 5). However, the SOC levels in both 
rotations were greater than in the other cropping systems and 
were not significantly different from one another, as noted in 
Table 4. Thus rotations were more effective at conserving SOC 
than the other cropping systems. This agreed with the results 
of Odell et al. (1984), who found that crop rotations retarded 
the loss of SOC relative to continuous corn on an Aquic 
Argiudoll in Illinois. Odell et al. (1984) further stated 
that appropriately fertilized crop rotations produced the 
highest crop yields and maintained SOC at the highest level. 
Several aspects of these management systems were probably 
responsible for the differences in SOC levels observed. Fewer 
tillage operations were a factor in the 4-yr rotations, since 
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Table 5. Initial and current soil organic carbon levels by 
cropping system, Northwest 
Year SOC, g/kg 
Cs-ON Cs-N Cg-ON Cg-N CSb CCOM COMM 
1957 
1991 
27.5a" 
21.5b 
27.2a 
23.2b 
28.8a 
23.5b 
28.6a 
25.7b 
28.1a 
23.7b 
29.5a 
27.2b 
28.0a 
27.9a 
" Means within a column (cropping system) with the same letter are not 
significantly different at the 0.05 level. 
no tillage occurred from oat planting until the meadow crop 
was terminated. Thus, the soil was untilled for 1.5 to 2.5 yr 
of the 4-yr cycle. Variation in species growth habits also 
might have contributed to the higher SOC levels observed in 
the rotations, but might have been related to residue 
production. Several workers reported conservation of SOC when 
cereals or legumes that return greater residue quantities to 
the soil were included in rotations (Gosdin et al., 1949; Wood 
et al., 1991b). Wood et al. (1991a) found that differences in 
SOC were a function of residue management on a Typic 
Hapludult, noting that rotations including corn conserved more 
SOC than those with soybean. 
The impacts of residue returned on SOC levels were 
examined in varying detail, depending on the data available. 
Figure 2 shows the relation between residue additions and SOC 
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Figure 2. Trends in soil organic carbon with residue returned 
levels at each location. The residue levels in the continuous 
corn grain systems varied with N fertilizer treatment and 
contributed to differences in SOC levels. Differences in 
total residue returned to the soil at each location also were 
affected by number of years in the cropping system and other 
factors that determine potential yields; climate, soils, etc. 
More discussion of residue effects is included in the 
continuous corn-fertility study. 
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Continuous Corn-Fertility Study 
Relative organic carbon levels decreased with cropping 
during the first 35 yr of the study (Figure 3). The amount of 
decrease relative to the initial SOC levels was affected by 
treatment, as the manure treatments of 4.5 kg ha"' yr"' mediated 
SOC losses. Little can be said about the shape of the curves 
because data existed for only 3 of 35 yr of the manure-lime 
study. The N-P-K rate study initiated in 1952 resulted in 
increases in relative SOC levels. The slight increase noticed 
in the unfertilized treatment could be attributed to use of 
improved hybrids, or to slight fluctuations in 5-yr average 
yields. Small increases in yields would increase the residue 
returned and lead to slight increases in SOC that might 
disappear in the next cycle when average yields decreased 
slightly. Again, no value can be attributed to the shape of 
the curves, other than as trend lines due to data collection 
in only 3 of 40 yr of the N-P-K rate study. The implication 
was that fertilizer applications increased the SOC levels. 
Table 6 shows that fertilizer applications significantly 
affected SOC levels. The other factors significantly 
affecting 1992 SOC levels were the 1952 SOC levels and the 
original manure-lime plots. This suggests that as management 
systems change, residual effects of former management 
practices may be experienced for many years. Nitrogen 
fertilizer rate was not significant in determining SOC levels. 
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Figure 3. Relative soil organic carbon (RSOC) levels with time, 
1917 base year 
but only whether fertilization occurred. Phosphorus and 
potassium fertilization did not significantly affect SOC 
levels. 
Results from a discriminant analysis revealed that 
residue, not fertilizer applications nor initial SOC levels, 
was the most significant factor affecting current SOC levels 
in the N-P-K rate study and at Northwest (Table 7). Since 
residue additions were calculated from yield data, this 
suggested that the effect of N fertilizer was to increase 
yields, and therefore, residues. The impact of fertilizer 
management on SOC was indirect. These results on residue 
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Table 6. Covariance analysis of 1992 continuous corn SOC levels 
relative to 1952 SOC levels 
Source df Sum 
Squares 
Mean 
Square 
F 
Value 
P > F 
Model 9 1.089 0.121 13.32 0.0001 
Range* 3 0.125 0.041 4.59 0.0195 
Fertilizer " 5 0.261 0.052 5.74 0.0044 
Y1952° 1 0.472 0.472 52.01 0.0001 
Error 14 0.127 0.009 
Total 23 1.216 
Contrasts : Zero rate VS. other rates 
Nitrogen"* 1 0.134 0.134 14.79 0.0018 
P-K 1 0.038 0.038 4.19 0.0598 
* Refers to original manure and lime test plots. 
'' Does not include the N plots on which the rate was changed. 
® Examines the impact of 1952 levels on 1992 levels. 
impacts on SOC agreed with those of other workers (Gosdin et 
al., 1949; Larson et al., 1972; Wood et al., 1991a; 1991b). 
However, on the manure-lime plots, manure treatments most 
strongly affected SOC levels, not residue. Thus, when manure 
was applied, the increased residue production was not as 
significant to the SOC levels as was the manure itself, even 
at these levels of application. Plot yield data were not 
available to use discriminant analysis to 
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Table 7. Partial r^ values from discriminant analysis for 
factors affecting SOC levels 
Partial F P > F 
Variable rP- Value 
Northwest 
Residue 0.8047 8.239 0.1030 
1957 SOC level" 
Nitrogen' 
Original Agronomy manure-lime plots 
Manure treatments 0.8250 14.139 0.0329 
Residue' 
1917 SOC level' 
Original Agronomy N-P-K plots 
Residue 0.4025 4.043 0.0911 
1952 SOC level' 
Nitrogen' 
Phosphorus-Potassium* 
' These variables were tested but did not meet the 0.1500 
significance level for entry into the models. 
confirm the residual effect of the original manure-lime plots 
in the N-P-K rate study (shown in Table 6). 
Soil Organic Carbon Dynamics Model 
The theoretical model developed by Lucas et al. (1977) 
was applied to data sets from the continuous corn experiment 
at the original Agronomy Farm. Two plots had no amendments 
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added for the 75 yr period, while the rest were managed as 
manure-lime plots prior to 1952, and as an N-P-K rate study 
after 1952. Limitations in the model were the initial 
assumptions, determination of d + e, and calculation of a 
steady-state SOC level. 
The initial assumptions were the greatest factor in the 
ability of the model to predict SOC after 75 yr of uniform 
management (Figure 4). As shown, the sum of d (decomposition 
rate) and e (erosion rate) was fit to match the SOC level in 
1992 (year 75). When all years of data were used to develop 
the curve, predictions of SOC in 1992 were low by about 2 g/kg 
because d + e was greater. The model predicted similar 
steady-state SOC levels though the initial SOC levels varied 
by 8.8 g/kg. The model could not account for the constant or 
increasing SOC levels that occurred between 1936 or 1958, and 
1992. One reason for this inability was the assumption of 
constant soil C input, determined from average yields. 
Another assumption in the model was that all humification of 
added C occurred during the year of addition (Lucas et al., 
1977). These assumptions were essential for using the model 
in its present form, but limited its ability to predict actual 
SOC levels in a given year. 
Observations from Figure 4 and Table 8 suggested that 
yield potential was directly related to SOC levels. This 
agreed with the assumption of Lucas et al. (1977) that SOC 
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Figure 4. Soil organic carbon (SOC) dynamics model predictions 
for 75 years with constant inputs, no amendments 
and yield potential were directly related. The sum of 
decomposition and erosion also appeared directly related to 
initial SOC levels. Lucas et al. (1977) chose d 
(decomposition rate) as if it were constant for a region and 
climate, and e (erosion rate) as if it were constant for a 
given tillage system and slope. However, it would be expected 
that erosion rates within a given tillage system and slope 
would decrease with increasing quantity of residue returned. 
The sum, d + e, generally increased with annual C input. 
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Table 8. Soil organic carbon model inputs and outputs 
Treatment d* + e'' Mean Annual Initial Steady-State 
C Input SOC C Levels 
(fitted) (predicted) 
(kg/ha) (g/kg) (g/kg) 
75 yr of No Amendments 
Check 1 0.01863 
Check 2 0.01431 
464 
370 
27.8 
19.0 
12.5 
12.9 
35 yr of Manure-lime Management 
Check 1 0.02119 464 
Manure 0.02198 682 
Manure, Lime 0.02838 716 
Lime 0.02359 478 
27.8 
24.9 
23 
22 
10.9 
15.5 
12.6 
10.1 
40 yr of N-P-K Management 
O'-O-O 0.01115 452 
45d_0-0 0.01279 866 
90-0-0 0.01462 939 
180-0-0 0.02273 1110 
0-67-67 0.00470 468 
45d_67-67 0.01449 925 
90-67-67 0.02006 1060 
180-67-67 0.02337 1295 
18.1 
17.2 
15.7 
19.8 
17.3 
17.4 
18.8 
17.2 
20.3 
33.8 
32.1 
24.4 
49.8 
31.9 
26.4 
27.7 
' Soil carbon decomposition rate. 
^ Rate of soil carbon lost through erosion. 
C n-P-K fertilizer rate in kg/ha. 
Nitrogen fertilizer rate changed to 270 kg/ha in 1977. 
suggesting that decomposition rates were not governed by 
climate and soil factors alone, but were directly related to 
residue quantity. Regression analysis showed a positive, 
linear relationship (r^= 0.98) existed between annual C input 
and d + e. This suggested that greater turnover of the SOC 
pool occurs in soils with greater residue additions. Turnover 
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of SOC has been related to ecosystems, especially in relation 
to temperature, precipitation, and drainage patterns 
(Birkeland, 1984; Brady, 1990). In this case, it seemed that 
residue additions enhanced the decomposition of SOC, possibly 
through increased microbial activity. This agreed with an 
observation by Paul and Clark (1989) that in some ecosystems, 
added residues acted as catalysts in the turnover of SOC. If 
this model were to be applied to field situations, greater 
knowledge of SOC decomposition rates as influenced by residue 
additions would be required. The d + e value for the 0-67-67 
treatment was 20 to 40 % of the values for other treatments, 
and was probably not credible. Factors other than low 
decomposition and erosion rates probably contributed to the 
increase in SOC observed in that treatment. This problem was 
likely related to that experienced in modelling the 75 yr with 
no amendment systems. 
Additionally, the steady-state SOC levels predicted by 
the model were probably unrealistic for four of the eight 
treatments; 45-0-0, 90-0-0, 0-67-67, and 45-67-67. The fence 
row SOC level at Original Agronomy was 28.4 g/kg, and the 
steady-state levels for each of these treatments were greater 
than that. These treatments also had predicted steady-state 
levels greater than treatments with greater residue 
production. This exemplified the greatest weakness of the 
model; determination of the steady-state SOC levels. Steady-
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state SOC levels were calculated only from residue (soil C 
additions), SOC decomposition rate, and rate of SOC erosion 
losses. No consideration was given to virgin-state SOC 
levels, or to status of SOC levels relative to initial levels, 
either of which might indicate the potential response of the 
soil to added residues. 
However, the model worked well for some treatments 
(Figure 5). All data for those treatments were used to fit d 
+ e, and the predictions were close to observed SOC levels. 
When data for all fertilizer treatments were averaged, the 
mean value of d + e was 0.018, which yielded a steady-state 
SOC level of 28.4 g/kg. This SOC steady-state level may be 
the maximum attainable given the SOC levels in the neighboring 
fence row. If a value for SOC decomposition rate were to be 
chosen for central Iowa, it should be less than 0.018, and 
values for erosion losses could then be estimated based on 
slope, tillage practices, and residue quantities. 
Brady (1990) noted that 5 to 6 Mg/ha annual residue 
additions (corresponding to 660 to 790 kg/ha annual C input) 
were required for maintenance of SOC levels in the Midwest and 
Northwest, which agreed with that suggested by Larsen et al. 
(1972) for southwest Iowa. The data from the N-P-K was in 
agreement, except the case of the 0 N treatments in which 
small SOC increases were observed with lower residue 
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Figure 5. Soil organic carbon (SOC) dynamics model predictions 
for manure and N-P-K rate study 
additions. However, the data from the manure-lime treatments 
showed SOC losses even for those with residue additions above 
5 Mg/ha. This could suggest that the residue additions for 
SOC maintenance given by Brady (1990) were determined on 
degraded soils, and that greater quantities of residue 
additions would be required to maintain SOC levels in 
previously uncultivated soils. 
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SUMMARY 
Cropping systems contributed to the degradation of, or 
conservation of, SOC. Unfertilized, monocrop systems were the 
most destructive to SOC. Rotations with 2-yr meadows 
maintained the highest SOC levels and conserved the most SOC. 
In fertilized systems, and likely in the rotations as well, 
conservation of SOC was related to residue quantity returned 
to the soil. In the 4-yr rotations, decreased tillage 
intensity was an additional factor in SOC conservation. 
Conservation of SOC should be a primary goal in 
production agriculture because yield potential is directly 
related to SOC levels. Sustainable agricultural systems 
maintain yield potential by conserving SOC. Appropriate 
choices of cropping, tillage, fertility, and residue 
management systems conserve SOC by returning adequate residue 
quantities and limiting erosion losses. Such management of 
SOC should decrease agricultural COj emissions through reduced 
SOC destruction, increased sequestering of atmospheric C, and 
reduced fossil fuel consumption. 
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ABSTRACT 
Soil physical properties are affected by time and 
fertilizer, tillage, and cropping system selection. This 
study addressed effects of long-term cropping systems on 
several soil physical properties: bulk density, pore size 
distribution, water retention characteristics, and hydraulic 
properties. Five rotations and two N fertility levels at 
three sites maintained for 12 to 36 years were selected for 
study. Soils were primarily Typic and Aquic Hapludolls and 
Typic Haplaquolls. Core samples (75-mm d.) were taken from 
the plots at five sampling times over two growing seasons. 
Saturated hydraulic conductivity, soil water desorption, and 
outflow measurements were taken on each core. Desorption 
information was used to determine pore size classes and moment 
analysis of pore distribution characteristics. Desorption and 
outflow data were used to fit van Genuchten parameters to the 
soil water retention characteristic. Physical properties 
varied with location, though some similarities existed. 
Cropping altered physical properties from those found in 
adjacent fence rows. Meadow crops (alfalfa [Medicago sativa], 
or alfalfa and red clover [Trifolium pratense]) resulted in 
physical properties different from those of corn {Zea mays) in 
the same rotation at one site. At the same site, corn 
following meadow in rotations had properties more like 
adjacent fence rows and different from other cropping systems. 
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Pore size fraction analysis was as useful as bulk density and 
moment analysis. Retention characteristic parameters did not 
discriminate cropping system differences. Sampling time had 
the greatest influence on most measured parameters. Fertility 
treatments did not affect soil physical properties. 
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INTRODUCTION 
Management may improve or degrade soil structure, and all 
structure-dependent processes may be affected, i.e., 
infiltration and water storage, gas exchange, and water flow. 
Managing the structural condition to obtain desirable 
infiltration and water relations, crop stands, root growth, 
and yields is important. Some management factors that affect 
soil structure and the aforementioned processes are tillage, 
cropping practices, residue management, and wheel traffic 
(Hill, 1990; Karlen et al., 1990; Skidmore et al. 1986). Bulk 
density, hydraulic conductivity, pore size distributions, and 
soil water characteristic curves have all been used to 
describe soil structural conditions, but all have serious 
limitations. Bulk density gives no information on the size or 
distribution of the soil pores. Saturated hydraulic 
conductivity is an integration of the effects of pore size and 
pore distribution, while unsaturated hydraulic conductivity is 
difficult to describe due to nonlinear changes with water 
content. Parameters from soil water characteristic curves do 
not always show enough sensitivity to discriminate treatment 
differences (Powers et al., 1992). Pore size distributions 
are another representation of the soil conditions, but 
responsiveness is often dependent upon the pore size classes 
chosen. Powers et al. (1992) conducted a moment analysis on 
soil water release parameters as an alternative to the more 
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traditional methods. 
Soil structural conditions are dynamic. Most 
characterizations of soil conditions are comparable to a 
photograph of a growing child. The picture documents the 
appearance at one moment in time. Several pictures are needed 
to show how the child grows and changes. Likewise, several 
characterizations of soil conditions will shed more light on 
changes that occur and on time required for such changes. 
While much recent work has been focused on tillage and 
wheel-traffic effects on soil properties (Anderson et al., 
1990; Havlin et al., 1990; Hill, 1990; Wagger and Denton, 
1989), few workers have examined the effects of cropping 
practices. It is known that some rotations and fertility 
practices affect soil organic carbon (SOC) levels (Havlin et 
al., 1990; Karlen et al., 1990; Rasmussen and Rohde, 1988), 
and that SOC influences soil physical properties (Hageman and 
Shrader, 1979; Karlen et al., 1990). Tillage drastically 
affects soil physical properties and may mask any differences 
due to cropping effects. The question remains: do long-term 
cropping and/or fertility practices affect soil physical 
properties and how long does it take for such effects to be 
observable? 
The primary objective of this study was to determine the 
effects of several long-term cropping and fertility practices 
that return different amounts of residue on bulk density, pore 
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size distribution and characteristics, hydraulic conductivity, 
and soil water release parameters. A secondary objective was 
to observe temporal changes in soil physical properties. A 
final objective was to compare the sensitivity of the various 
methods in discriminating differences due to management 
practices. 
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METHODS AND MATERIALS 
Long-term rotations at three sites in Iowa were chosen 
for study: North Central Research Center (North Central), 
Northwest Research Center (Northwest), and Northeast Research 
Center (Northeast). The rotation study at North Central was 
established in 1954 on Webster soil (fine-loamy, mixed, mesic 
Typic Haplaquoll). The rotation at Northwest was established 
in 1956 on a Galva soil (fine-silty, mixed, mesic Typic 
Hapludoll), and the rotation at Northeast was established in 
1979 on Kenyon (fine-loamy, mixed, mesic Typic Hapludoll) and 
Readlyn (fine-loamy, mixed, mesic Aquic Hapludolls) soils. 
The experimental design at two sites (North Central, 
Northwest) was a split-split plot design, replicated twice, 
with crop year as the main plot, crop rotation as the subplot, 
and nitrogen (N) fertilizer rates as sub-subplots. Sub-
subplot size was 12.2 x 6.1 m (74.3 m^) . The experimental 
design at Northeast was a split plot design, replicated three 
times, with rotation as the main plot and N rate as the 
subplot. Subplot size was 15.2 x 4.6 m (69.7 m^) . Meadow was 
alfalfa or a mixture of alfalfa and red clover. Treatments 
were selected to represent a variety of cropping and fertility 
practices that would return differing quantities of residue to 
the soil (Table 1). 
Conventional tillage systems were used, but varied with 
site. Since the late 1970s, chisel and field cultivating 
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Table 1. Treatments selected for study 
Crop Rotation N Rates' 
kg/ha 
North Central 
Continuous Corn, grain (Cg-ON) 0 
Continuous Corn, grain (Cg-N) 180 
Corn-Soybean-Corn-Soybean (CSb) 180 
Corn-Corn-Oats-Meadow (CCOM) 180 
Corn-Oats-Meadow-Meadow (COMM) 180 
Fence Row for comparison (FR) 
Northeast 
Continuous Corn, grain (Cg-ON) 0 
Continuous Corn, grain (Cg-N) 180 
Continuous Corn, silage (Cs-ON) 0 
Continuous Corn, silage (Cs-N) 180 
Corn-Soybean (CSb) 180 
Corn-Corn-Oats-Meadow (CCOM) 180 
Fence Row for comparison (FR) 
Northwest 
Continuous Corn, grain (Cg-ON) 0 
Continuous Corn, grain (Cg-N) 200 
Continuous Corn, silage (Cs-ON) 0 
Continuous Corn, silage (Cs-N) 200 
Corn-Soybeans-Corn-Soybeans (CSb) 200 
Corn-Corn-Oats-Meadow (CCOM) 135 
Corn-Oats-Meadow-Meadow (COMM) 135 
Fence Row for comparison (FR) 
" Applied to corn plots only. P & K applied as needed. 
operations replaced some moldboard operations. Soybean 
(Glycine max) and corn were cultivated once or twice after 
emergence and before canopy closure. Meadow crops were 
interseeded with oat (Avena sativa). Oat straw was baled and 
two or three cuttings were taken from the meadow annually 
until the meadow crop was plowed. Herbicide treatments were 
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Table 2. Sampling dates 
Location 
Sampling Dates, mo/yr 
8/90 10/90 6/91 8/91 10/91 
North Central X X X X 
Northeast X X X X X 
Northwest X X X X 
used to control weeds in the row crops and to kill the meadow 
before plowing. 
One core sample (75-mm i.d., 75-mm length) per plot was 
taken from the center row, near the center of the plots at 
various times over the two years (Table 2). Cores from corn, 
soybean, and oat plots were untrafficked. These cores were 
used for determination of saturated hydraulic conductivity, 
water retention curves, pore size distribution, unsaturated 
hydraulic conductivity, and soil bulk density. Bulk samples 
were taken for determination of particle size distribution 
(Gee and Bauder, 1986) specific surface area, and low 
potential water content. 
Steady-state saturated hydraulic conductivities were 
determined using a constant head method (Klute and Dirksen, 
1986). Water retention curves (Klute, 1986) and pore size 
distribution (Danielson and Sutherland, 1986) were determined 
using a desorption apparatus with nylon membrane filters. 
Upon completion of the hydraulic conductivity measurements. 
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saturated cores were put on the desorption table and allowed 
to establish hydraulic contact. The initial pressure of 0.6 
kPa was then established. All applied pressures were 
considered the absolute value of soil water potential. After 
outflow had ceased at 0.6 kPa, all outflow collection 
cylinders were emptied and weighed. Subsequently, a new 
pressure was established, and outflow collection cylinders 
were periodically weighed to determine when an equilibrium had 
been attained. When the system had reached equilibrium, a new 
pressure was established and the cycle was repeated. Target 
pressures varied with desired analysis, but a representative 
set used was 0.6, 1.2, 2.5, 4.9, 7.4, 9.8, 14.7, 19.6, 29.4, 
and 49.0 kPa. Two cylinders with different water quantities 
were used as controls to adjust cylinder weights for 
evaporation from the outflow collection cylinders. 
Evaporation losses were linear and directly related to the 
quantity of water in the collection cylinders. When 
equilibrium had been attained at the last pressure, the 
pressure was released, the cores were removed from the 
desorption table and weighed to determine gravimetric water 
content at 49.0 kPa. Height change relative to ring was 
measured to calculate bulk density at the final pressure. The 
cores were then oven-dried at 105®C. Next, bulk density 
(Blake and Hartge, 1986) was calculated and volumetric water 
content was calculated for all pressure steps. Water contents 
54 
at -100 and -500 kPa were determined on disturbed samples 
using ceramic pressure plates in a pressure chamber (Klute, 
1986). Low potential water contents of -2.7, -31, and -153 
MPa were determined by equilibrating disturbed samples over 
saturated salt solutions of CuSO^, NH4CI, and CaClg after the 
vapor equilibration methods discussed by Klute (1986). 
Specific surface areas were determined using the EGME method 
presented by Carter et al. (1986). Particle size distribution 
(USDA) and specific surface area were used to check for soil 
variation within a location, and to determine if the fence-row 
samples were of comparable texture. 
Outflow data at each pressure step were used to determine 
unsaturated hydraulic conductivity (K^) as a function of water 
content (Gardner, 1956; Kirkham and Powers, 1972). The 
assumptions for this method included: 1) no membrane 
impedance, 2) linear change in water content over the pressure 
step, and 3) constant soil water diffusivity over each 
pressure step. Nylon membrane filters had negligible 
impedance. Assumptions 2 and 3 were violated for some soils 
and pressure steps. Total outflow at each pressure step was 
represented by Q„, while outflow at a given time step was Q(t) . 
The quantity, ln[Q„-Q(t)], was plotted against time, yielding a 
straight line for most cases. The slope of the line was 
determined by regression analysis. For soils and pressure 
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steps that did not meet the initial assumptions, the line was 
not straight. Unsaturated hydraulic conductivity was only 
determined when r^ > 0.97. Some samples had no measurable 
outflow during given time steps, others had no outflow over a 
given pressure step. No determination of for that pressure 
and water content was made. Diffusivity (D) was determined 
from D(0) = B(4L^/fT^) (Gardner, 1956; Kirkham and Powers, 
1972), where L was sample height (cm), and B was the slope of 
the line. Unsaturated hydraulic conductivity was then 
determined by 
K{0) = D(0) p g b 
where p = density of water, g/cm^ 
g = acceleration due to gravity, g cm/s^ 
b = Q„ / V AP 
V = total soil volume, cm' 
AP = pressure step, cm. 
Initially three 1-h time steps were used. However, this did 
not always give adequate data to determine the shape of ln[Q„-
Q(t)] vs. time, and whether tailing occurred. On subsequent 
determinations, five time steps were used. These were 
arbitrarily determined based on outflow behavior during 
previous pressure increases and earlier time steps. It was 
common to use the following time steps for the first pressure 
increment: 15, 30, 45, 75 or 90, and 180 (or more) min. The 
latter time steps were adjusted according to outflow. At the 
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final pressure step, 2 0 ,  6 0 ,  180, 360, and 2440 min were often 
used. 
Desorption data was analyzed in three fashions: pore size 
distribution classes, moment analysis of the pore size data, 
and analysis of the parameters generated by simultaneously 
fitting an equation to retention and data. Pore size 
classes used were those with radii (r); r > 150 fum, 150 pim > r 
> 15 jjm, 15 /im > r > 1.5 ^m, and r < 1.5 pm (Hill et al., 
1985; Powers et al., 1992). Moment analysis of pore size data 
(Powers et al., 1992) yielded four parameters for statistical 
analysis; 1) the zeroth ordinary moment or porosity, 2) the 
first ordinary moment (OMl) which characterized the mean pore 
size, 3) the second central moment (CM2) which characterized 
the breadth of the pore size distribution, and skewness (SKW) 
which described the tailing of the distribution. Only the 
latter three parameters were subjected to statistical analysis 
since porosity was inversely related to bulk density by 
constants, and bulk density was analyzed separately. The 
equation used to represent the water retention curve was that 
proposed by van Genuchten (1980): 
0 = 9, + ( g, - e, ) / [ 1 + ( a h r ]" 
where h = pressure head, taken to be positive 
6 = volumetric soil water content 
Oj = residual water content 
0, = saturated water content 
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m = 1 - 1 / n 
and a, n = fitted parameters. 
A conductivity model developed by Mualem (1976) was then used 
to predict unsaturated conductivity values. 
K = K, S,'[f(SJ/f(l)]2 
where f(SJ = of* [l/h:(S/)]dS/ 
Se = (0-0J/(0-0r) 
The retention model was designed for sigmoid-shaped retention 
curves from 9^ to 0, (van Genuchten, 1980). Van Genuchten 
(1980) fixed 0^ and 0,, but suggested they could be fitted. 
Some soils did not have sigmoid-shaped retention curves over 
that full range. Deviations typically occurred at h less than 
1.2 kPa. Below this pressure, the curves exhibited the 
correct shapes for description by this model. In order to use 
the retention equation in this range, total porosity (maximum 
saturated water content) and the 0.6 kPa water content 
measurements were excluded from the curve-fitting procedure, 
and 0, was fit as a parameter. Saturated water content, a, and 
n were determined with a least-squares optimization process 
(van Genuchten, 1980) for the North Central data only. 
Simultaneous fitting of retention and K„ data was only 
completed for those samples that had at least four data 
points. Statistical analysis of the fitted parameters and the 
r^ values was conducted. 
Analysis of the rotation studies first determined effect 
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of crop year within the rotation (i.e., O vs. M in CCOM) and 
sampling times on bulk density, moment analysis parameters, 
pore size distribution, saturated hydraulic conductivity, and 
water retention parameters. This analysis was designated 
"within rotation analysis" and evaluated only noncontinuous 
cropping systems (CSb, CCOM, and COMM). Subsequent analyses 
examined the effect of cropping systems and sampling times on 
the same soil characteristics. The effect of cropping systems 
was examined using only the data from the plots in the first 
year of corn in the given cropping system. All statistical 
analyses used the SAS Package (SAS, 1988). Treatments were 
reckoned such that data sets were unbalanced in analyses by 
location, and by location and time (e.g., Cg-N was replicated 
twice in 4 main plots, while oats from CCOM was replicated 
twice in one main plot). This analysis used the general 
linear model procedure from SAS and Type III sums of squares. 
An additional analysis evaluated the means of the common 
treatments and sample times. These data sets were balanced 
and evaluated by analysis of variance. A 0.05 significance 
level was used for all analyses. 
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RESULTS AND DISCUSSION 
Bulk density measurements at Northwest on 6/91 were up to 
20% greater than other sampling dates, with treatment means 
ranging from 1.29 to 1.47 Mg/m'. Overall means in the first 
year of corn analysis by sampling time were 1.10, 1.37, 1.12, 
and 1.16 Mg/m'. Because compaction affects all soil physical 
properties, it was decided to omit Northwest 6/91 data from 
analysis. 
Particle size distribution data and specific surface area 
determinations were analyzed by location. There were no 
significant differences found for sand, silt, clay content, or 
specific surface area. The average particle size distribution 
(% sand, % silt, and % clay) was 21.9, 44.9, and 33.2 for 
North Central; 31.9, 45.6, and 22.4 for Northeast; and 2.6, 
62.2, and 35.2 for Northwest. The average specific surface 
areas (m^/g) by location were North Central, 139.3; Northeast, 
61.4; and Northwest, 165.5. 
Initially, a set of desorption data was used for analysis 
of pore size classes, moments, unsaturated hydraulic 
conductivity (K^), and retention characteristics. Six pressure 
steps were used and outflow data were collected. Then, it was 
decided to increase the number of pressure steps from six to 
nine to improve the sensitivity of the moment analysis. This 
change to nine pressure steps reduced the size of some 
pressure increments, and altered outflow such that some 
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calculations of for intermediate pressure steps were less 
than those of subsequent larger pressure steps. Simultaneous 
collection of data for moment analysis with nine pressure 
steps and determination using Gardner (1956) diffusion 
theory thus seemed inappropriate. 
In the determination of unsaturated hydraulic 
conductivity, the use of five time steps (over three) 
facilitated regression analysis. Shorter time steps should be 
used at lower applied pressures. For soils in which outflow 
occurred quickly, the first three time steps were the most 
beneficial in determining K^, but other combinations of time 
steps were used for other soils. Nonlinear plots of ln[Qo-
Q(t)] against time for some pressure steps on some soil cores 
suggested that change in water content over those pressure 
steps was not linear, or that water diffusivity was not 
constant. However, in the early time stages of outflow, these 
conditions were met for most soils. Too few data points 
were available to allow adequate prediction of saturated 
hydraulic conductivity. Sometimes, the outflow from the first 
pressure step (0.6 - 1.2 kPa) resulted in comparable to, or 
greater than, determined K,. In other cases with small 
pressure increments, some values were less than subsequent 
Ky values for larger pressure steps. 
Gardner (1956) used remolded cores and ceramic pressure 
plates. For his conditions, the boundary condition of no 
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membrane impedance was not met until applied pressures were 
greater than 10 kPa, and he used 10 kPa increments thereafter. 
Bruce and Klute (1963) found that experimental data did not 
agree well with theory for sands and glass beads at applied 
pressures less than 10 kPa. It is possible that diffusivity 
theory does not apply as well to the larger pores found in 
structured soils and in the sands and glass beads of Bruce and 
Klute (1963), especially since the theory was verified only in 
remolded soil cores. The diffusion equation would not be 
expected to apply when soils swell upon wetting (Selim et al. 
1970). Vertical swelling was noted in many samples, sometimes 
as much as 0.5 cm. Thus, it was also possible that soils 
shrank as outflow occurred, invalidating diffusion theory 
because the media was not rigid. 
Crop Year within Rotation 
Table 3 contains the significance levels for the analysis 
of crop year within rotation. These values were computed 
through analysis of variance and multiple linear regression. 
Crop Year within rotation was not significant in the combined 
analysis, though location and time were significant for some 
properties. Differences due to location will be discussed in 
a later section. Time was significant for some physical 
properties at all locations, but Crop Year was significant for 
physical properties only at North Central. A significant 
Table 3. Significance levels for crop year within rotation analysis 
Source P > F 
Moment parameters pore radii, jjm 
Pb OMl CM2 SKW >150 150-15 15-1.5 <1.5 K. 
Combined Analysis, North Central and Northeast 
Location 0.0003 0.9196 0.8818 0.6340 0.3689 0.4520 0.0152 0.0189 0.7887 
Crop Year 0.3684 0.4358 0.7310 0.7655 0.5452 0.0504 0.8828 0.3670 0.9234 
Time 0.6431 0.0001 0.0001 0.0017 0.0019 0.0289 0.0001 0.5068 0.0031 
Time*Crop 0.1901 0.5771 0.9128 0.8870 0.8840 0.1736 0.6772 0.1827 0.9258 
By Location 
North Central 
Model 0. 0001 0 .0001 0 .0001 0 .0001 0 .2227 0 .0011 0 .0041 0 .0001 0 .0001 
Crop Year 0. 0025 0 .0016 0 .0087 0 .0243 0 .0082 0 .0221 0 .5305 0 .0003 0 .0041 
Time 0. 0102 0 .0001 0 .0001 0 .0001 0 .0030 0 .0002 0 .0001 0 .0102 0 .0578 
Time*Crop 0. 1226 0 .6690 0 .1179 0 .0097 0 .8441 0 .3247 0 .5486 0 .1110 0 .0001 
CV (%) 5.3 25.1 24.4 62.6 26.5 51.8 27.5 5.3 53.2 
Northeast 
Model 0. 0002 0 .0001 0 .0001 0 .0001 0 .0001 0 .0013 0 .0001 0 .0001 0 .0003 
Crop Year 0. 0635 0 .2139 0 .0760 0 .0650 0 .0642 0 .0451 0 .0429 0 .0895 0 .0936 
Time 0. 7258 0 .0001 0 .0001 0 .0001 0 .0019 0 .0611 0 .0001 0 .6992 0 .0672 
Time*Crop 0. 0001 0 .0001 0 .0002 0 .0030 0 .0001 0 .0030 0 .0067 0 .0001 0 .0114 
CV (%) 5.2 17.5 15.5 54.0 17.8 40.9 25.3 5.1 85.7 
Northwest 
Model 0. 0529 0 .0011 0 .0001 0 .8577 0 .0509 0 .0123 0 .3519 0 .0098 0 .0266 
Crop Year 0. 3738 0 .5651 0 .4325 0 .8819 0 .6928 0 .1257 0 .4826 0 .0968 0 .3944 
Time 0. 1964 0 .0003 0 .0001 0 .0333 0 .0400 0 .0134 0 .0925 0 .2627 0 .2906 
Time*Crop 0. 0612 0 .0530 0 .0018 0 .9004 0 .2413 0 .1799 0 .5320 0 .0976 0 .0396 
CV (%) 5.1 22.7 11.9 162.4 28.1 33.0 38.1 5.2 37.2 
63 
crop*time interaction existed for all properties at Northeast. 
This interaction limited the analysis at Northeast to 
individual sampling times. 
Six physical properties at North Central were 
significantly affected by crop year within rotation and 
unconfounded by a time*crop interaction: p^, OMl, CM2, and two 
pore size classes; 150 > r > 15 pm and r < 1.5pm. Time 
significantly affected all measured physical properties at 
North Central except pores with r > 150 jim. For these 
properties, differences existed within the CSb rotation only 
for the first central moment (OMl), with the corn year having 
a larger mean pore size (Table 4). 
In the 4-yr rotations, corn years and meadow years were 
always different. Means from the oat year did not behave the 
same in both rotations. In the COMM rotation, properties of 
the oat year were similar to those of meadow, but intermediate 
between meadow and corn. In the CCOM rotation, properties 
from the oat year were similar to those of corn years, and for 
OMl and CM2 properties from corn were intermediate to those of 
oats and meadow. Physical properties during the oat year were 
governed by the crop that occurred twice in the rotation 
rather than by the crop that immediately preceded oat 
production. It was likely that this relationship was governed 
by tillage. Tillage in oat production was not as intensive as 
that for corn production, and no tillage occurred during 
Table 4. Means for crop year within rotation analysis. North Central (pooled sampling 
times) 
Means 
Moment parameters pore radii, pim 
Crop Pb , 
Mg/m^ 
OMl 
jum 
CM2 
pm-
SKW >150 150-15 15 -1.5 <1.5 K, 
pm/s 
CSb m' / m^ 
Corn 1.05 35.21 3559. 4 1.71 0 .1850 0.0744 0. 0966 0.2487 140 .64 
Soybeans 1.11 29.90 3189. 7 2.39 0 .1610 0.0489 0. 1060 0.2642 70 .34 
CCOM 
Corn-1 1.04 32.28 3226. 3 1.88 0 .1735 0.0823 0. 0882 0.2641 132 .77 
Corn-2 1.05 30.43 3114. 5 2.25 0 .1825 0.0674 0. 0888 0.2662 87 .56 
Oats 1.06 32.64 3565. 0 1.77 0 .1860 0.0547 0. 0907 0.2692 138 .64 
Meadow 1.14 26.82 2732. 3 3.23 0 .1206 0.0741 0. 0860 0.2896 25 .02 
COMM 
Corn 1.04 34.26 3237. 1 1.77 0 .1644 0.0917 0. 0856 0.2651 187 .41 
Oats 1.11 27.54 2861. 6 2.74 0 .1556 0.0590 0. 0819 0.2833 85 .83 
Meadow-1 1.22 22.51 2641. 4 5.17 0 .1314 0.0256 0. 0703 0.3112 8 .11 
Meadow-2 1.19 22.84 2642. 5 4.56 0 .1407 0.0253 0. 0818 0.3029 99 .97 
^2^0.05 0.08 5.20 509. 1 a ns 0.0353 ns 0.0192 a 
' Pooling invalid due to Time*Crop Year interaction. 
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meadow production. Two years of tillage in the CCOM rotation 
contributed to physical properties similar to those of corn in 
the oat year. In the COMM rotation, two years of meadow 
resulted in physical properties that were not completely 
destroyed by one year of tillage. 
Bulk density in the meadow years was higher than that in 
corn or oat years. Several plausible hypotheses could explain 
the higher py, observed in the meadow: 1) fewer tillage events 
occurred to decrease the density; 2) the soil continued to 
consolidate after the last tillage event (planting of oats); 
and 3) wheel traffic was not controlled on these plots. The 
last explanation could have the most merit. The plots in 
meadow received traffic during oat harvest, when the meadow 
was clipped, when hay was baled, and when bales were removed. 
Many opportunities for wheel traffic compaction occurred, and 
it was impossible to identify and avoid trafficked regions 
when sampling. The soils with the greater densities have 
smaller mean pore sizes (OMl), narrower breadth of pore size 
distribution (CM2), and greater volume of pores with r < 1.5 
pm. 
The relations of physical properties at Northeast were 
less clear. The time*crop interaction necessitated analysis 
by sample time. The significance levels in Table 5 
demonstrated the variability of results with sampling time. 
All physical properties but K, were significantly affected by 
Table 5. Significance levels and means for crop year within rotation analysis. 
Northeast 
Source P > F 
Moment parameters pore radii, pm 
Crop Year pt OMl CM2 SKW >150 150-15 15-1.5 <1.5 K, 
Sample time 
8/90 0.0204 0.0123 0.0116 0.0079 0.0099 0.0157 0.0333 0.0204 0.2834 
10/90 0.0021 0.0442 0.5007 0.0564 0.0555 0.0021 0.0871 0.0021 0.7842 
6/91 0.0049 0.0069 0.0082 0.0382 0.0001 0.1337 0.0475 0.0055 0.1025 
8/91 0.0201 0.0223 0.0198 0.1969 0.0040 0.1319 0.0095 0.0262 0.2126 
10/91 0.0837 0.4941 0.9125 0.5756 0.2932 0.4671 0.5951 0.0833 0.0026 
Means, 8/91 
cn 
a\ 
Moment parameters pore radii, ^ m 
Crop 
Year 
Pb , 
Mg/m' 
OMl 
pm 
CM2 
^m-
SKW >150 150-15 15-1.5 <1.5 K, 
pm/s 
CSb m^ / m^ 
Corn 1.19 20.28 2350 .0 2.74 0.2718 0.0342 0.0133 0 .2329 149.9 
Soybean 1.35 10.19 999 .3 3.49 0.1705 0.0280 0.0302 0 .2638 57.7 
CCOM 
Corn-1 1.27 5.93 615 .3 5.42 0.2569 0.0143 0.0053 0 .2432 91.4 
Corn-2 1.38 8.41 665 .1 4.18 0.1705 0.0397 0.0480 0 .2728 50.7 
Oats 1.22 10.92 1307 .0 4.53 0.1184 0.0181 0.0198 0 .2415 120.6 
Meadow 1.16 28.30 3040 .0 1.94 0.2350 0.0602 0.0410 0 .2281 350.4 
0.13 13.10 1487 .2 ns 0.0741 ns 0.0224 0 .0277 ns 
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cropping systems on 8/90, while only K, was significantly 
affected on 10/91. The means from 8/91 were included as 
representative of sampling date data (Table 5). The 
differences apparent in these means were neither as pronounced 
nor as easy to explain as those at North Central. The soybean 
year had greater bulk density, lower porosity in the range r > 
150 jum, and greater porosity in the range r < 1.5 jum than did 
the corn year of CSb. In the CCOM rotation, the meadow year 
had greater mean porosity (OMl) and breadth of distribution 
(CM2) than corn and oat years. These differences were 
opposite those observed at North Central. There was more 
variability in the data at Northeast, resulting in the 
significant time*crop interaction. The means from the 8/91 
sampling date were included as a representative data set, but 
interpretation of means from another sampling date would not 
agree with that from means of 8/91, and could even be 
opposite. The soil texture and soil organic carbon levels at 
Northeast possibly precluded measurable effects of cropping 
systems. Only three full rotation cycles might not have 
provided enough time for such effects to become evident. It 
was found in a companion paper that differences in soil 
organic carbon at Northeast were only beginning to appear, 
while differences were evident at North Central and Northwest. 
Thus the differences observed in physical 
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properties at Northeast might become more pronounced with time 
as occurred with soil organic carbon. 
Cropping System by First Year in Corn 
Analysis of data from the first year in corn for the 
10/90 sample time (Table 6) revealed no differences due to 
cropping system, and location differences for bulk density 
(Pb), mean porosity (OMl), breadth of pore size distribution 
(CM2), pores in the range 15 > r > 1.5 /um, and saturated 
hydraulic conductivity. Location means revealed that bulk 
density was greatest at Northeast and similar at North Central 
and Northwest, while moment analysis of the pore size 
distribution was similar at North Central and Northeast. The 
soils at North Central and Northeast were loams, while the 
soils at Northwest were silty loams. Soil organic carbon 
levels were lowest at Northeast, intermediate at Northwest, 
and highest at North Central. It was possible that the 
similarity of the mean pore size (OMl) and the breadth of the 
pore size distribution (CM2) was related to the similar 
particle size distribution of the loams at North Central and 
Northeast, while the silty soils at Northwest had a narrower 
breadth of pore size distribution. The higher bulk density of 
soils at Northeast relative to those at North Central was 
probably related to the lower soil organic carbon contents. 
An interesting comparison was made possible by the 
Table 6. Significance levels and means for first year in corn analysis, 10/90 sample 
time 
Source P > F 
Moment parameters pore radii, pm 
Pb OMl CM2 SKW >150 150-15 15-1.5 <1.5 K, 
Combined Analysis 
Location 0.0007 0.0340 0.0046 0.1167 0.2648 0.2933 0.0400 0.5466 0.0460 
Crop System 0.8036 0.9234 0.7070 0.8327 0.7572 0.7727 0.6570 0.6251 0.6541 
Means 
Moment parameters pore radii, pm 
Location 
Mg/m^ 
OMl 
^m 
CM2 
jum-
SKW >150 150-15 15-1.5 <1.5 K, 
jjm/s 
m / m^ 
N. Central 1.08 
Northeast 1.26 
Northwest 1.09 
LSD, 0.05 0 . 0 6  
47.91 
49.13 
36.93 
9.30 
4748.4 
5055.8 
3304.7 
835.9 
1 . 0 2  
1.03 
1.37 
ns 
0.1612  
0.1381 
0.1474 
ns 
0.0823 
0.0755 
0.0957 
ns 
0.0880 
0.0593 
0.0859 
0.0231 
0 .2610  
0.2502 
0.2595 
ns 
67.32 
49.01 
124.93 
59.15 
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collection of fence row samples at each location. No 
statistical analysis was made on these properties, but they 
were included for comparison (Table 7). Again, moment 
analysis of the pore size distribution was similar at North 
Central and Northeast, but mean pore size (OMl) and breadth of 
pore size distribution (CM2) were much less at Northwest and 
there was more tailing of the distribution. Differences in 
moment analysis parameters were infrequently explained by 
observation of these four pore size classes because different 
combinations of pore size classes resulted in similar moment 
parameters (compare North Central and Northeast). However, at 
Northwest, the larger volume of pores in the range r < 1.5 /jm 
relative to the larger pore size classes contributed to 
greater tailing of the pore size distribution (higher 
skewness). This was attributed to the silt loam texture of 
the soil. The lower bulk density at North Central was 
attributed to the higher soil organic carbon levels. 
Northeast and Northwest had similar bulk densities and similar 
soil organic carbon levels. It has been argued that optimal 
soil structure exists in virgin sod, and it has been shown 
that tillage and cropping lead to structural degradation 
(Reinert et al., 1991; Robinson et al., 1993). The fence row 
means could be regarded as optimum for soils of each location, 
representing conditions of aggregation favorable for aeration, 
infiltration, drainage, and water storage. Comparison of 
Table 7. Fence row means by location 
Means 
Moment parameters pore radii, pm 
Location py OMl CM2 SKW >150 150-15 15-1.5 <1.5 K, 
Mg/m^ pm pm^ pm/ s 
Ul3 I 
N. Central 0.94 37.90 3635.0 1.64 0.2159 0.0916 0.1025 0.2352 328.72 
Northeast 1.05 36.44 3504.7 1.65 0.1502 0.1019 0.1358 0.2191 184.69 
Northwest 1.03 22.13 1859.4 2.10 0.1592 0.0817 0.0642 0.3054 168.65 
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fence row means by location to cropped means by location gave 
interesting results. Bulk density, mean pore size (OMl), and 
breadth of pore size distribution (CM2) were higher in cropped 
soils at all locations. The tailing of the pore size 
distribution (SKW) was decreased by cropping. Changes in 
volume in the listed pore size classes were dependent on 
location. Cropping decreased volume of pores with r > 1.5 /jm, 
but increased volume of pores with r < 1.5 pm on the loam 
soils at North Central and Northeast. The increase in bulk 
density at these sites was due to the loss of pores in the 
three upper size classes. However, at Northwest, increased 
bulk density due to cropping was related to decreased volume 
in pores with r < 1.5 ^m, and to a lesser extent, to decreased 
volume in pores with r > 150 pm. The middle pore size classes 
experienced increases due to cropping. Saturated hydraulic 
conductivity was decreased at each site by cropping, probably 
due to destruction of continuous pores by tillage. Soil 
response to cropping appeared to be strongly influenced by 
soil texture. 
Results from the first year in corn analysis revealed few 
differences in cropping systems but a strong influence of time 
(Table 8). At Northeast, all physical properties except the 
breadth of pore size distribution (CM2) demonstrated the 
time*crop interaction, and thus had to be examined by sample 
time. There were no cropping system effects at Northwest, and 
Table 8. Significance levels for first year in corn analysis 
Source P > F 
Moment parameters pore radii, pm 
Pb OMl CM2 SKW >150 150-15 15-1.5 <1.5 K. 
Combined Analysis, North Central and Northeast 
Location 0.0007 0.3035 0.3127 0.3620 0.1786 0.6317 0.0556 0.0893 0.1496 
Crop System 0.4164 0.5217 0.5129 0.4162 0.9174 0.5975 0.8356 0.2373 0.7651 
Time 0.2221 0.0001 0.0001 0.0013 0.0084 0.1895 0.0001 0.1028 0.0023 
Time*Crop 0.5121 0.4917 0.5272 0.6067 0.9591 0.9876 0.5992 0.5634 0.4818 
By Location 
North Central 
Model 0 .0083 0 .0001 0 .0001 0 .0001 0 .0023 0 .0001 0 .0001 0 .0011 0 .0001 
Crop System 0 .9443 0 .0538 0 .0114 0 .0343 0 .2321 0 .6731 0 .1658 0 .5326 0 .3083 
Time 0 .0680 0 .0001 0 .0001 0 .0001 0 .0282 0 .0001 0 .0003 0 .0880 0 .0079 
Time*Crop 0 .8950 0 .6319 0 .1756 0 .4873 0 .2011 0 .9486 0 .4548 0 .8325 0 .0027 
CV (%) 5.6 17.6 16.7 24.7 21.8 37.3 26.6 5.5 34.8 
Northeast 
Model 0 .0001 0 .0001 0 .0001 0 .0001 0 .0001 0 .0001 0 .0001 0 .0001 0 .0001 
Crop System 0 .0020 0 .0877 0 .1841 0 .0559 0 .0108 0 .9843 0 .3101 0 .2758 0 .0033 
Time 0 .0459 0 .0001 0 .0001 0 .0001 0 .0001 0 .0324 0 .0001 0 .0294 0 .0579 
Time*Crop 0 .0001 0 .0045 0 .0569 0 .0001 0 .0026 0 .0001 0 .0001 0 .0001 0 .0004 
CV (%) 4.1 17.3 17.4 32.6 15.6 28.4 20.0 4.1 64.8 
Northwest 
Model 0 .0891 0 .0001 0 .0001 0 .0142 0 .0002 0 .0001 0 .0001 0 .0080 0 .4964 
Crop System 0 .8868 0 .8541 0 .6969 0 .2472 0 .5100 0 .8934 0 .1048 0 .1660 0 .2232 
Time 0 .0573 0 .0001 0 .0001 0 .0018 0 .0003 0 .0025 0 .0001 0 .0603 0 .2504 
Time*Crop 0 .2758 0 .7663 0 .8353 0 .3439 0 .6658 0 .1696 0 .6125 0 .2678 0 .4415 
CV (%) 6.1 30.6 29.0 100.1 28.8 43.1 26.3 6.1 46.1 
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only the breadth (CM2) and tailing (SKW) of pore size 
distribution showed cropping system effects at North Central. 
There, the first year in corn in the CCOM and COMM rotations 
had smaller breadth of pore size distribution (CM2) than the 
non-meadow cropping systems. This indicated that these 
rotations acted less like "cropped" soils, as it was 
previously noted that cropping increased breadth. These 
characteristics from the meadow year(s) persisted through 
tillage. The differences in tailing of the pore size 
distribution were small and had no pattern. 
Time did not affect bulk density, pore volume with r < 
1.5 jjm, and saturated hydraulic conductivity. The meaning of 
the effect of time on the moment analysis parameters (OMl, 
CM2, SKW) and on the pore size classes with r > 1.5 jjm was not 
clear. Many factors could be involved in such an effect. The 
means were quite variable (Table 9). The physical properties 
were more closely related by year at North Central, implying 
that some physical properties were strongly influenced by 
tillage and planting activities. The difference between 1990 
and 1991 may indicate a difference in physical properties 
present after planting that persisted soil throughout the 
cropping year. No differences were seen in 1990 in which 
sampling times followed cultivation by 6 to 8 wk on 8/90, and 
by 13 to 15 wk on 10/90. Differences were observed between 
the 1991 sampling date means. The 6/91 time followed 
Table 9. Means by time and location for first year in corn analysis 
Means 
Location Moment parameters pore radii, pm 
Time Pb , 
Mg/m^ 
OMl 
]jm 
CM2 
^m-
SKW >150 150-15 15-1.5 <1.5 K, 
jum/s 
North Central m^ / m^ 
8/90 1.01 48.59 4615 .5 1.06 0.1648 0.1202 0.0869 0 .2434 193.54 
10/90 1.07 48.62 4746 .6 1.00 0.1639 0.0861 0.0896 0 .2564 126.75 
6/91 1.07 17.90 1939 .4 2.69 0.1894 0.0372 0.1125 0 .2566 27.62 
8/91 1.06 24.77 2585 .3 2.23 0.2045 0.0721 0.0699 0 .2533 226.66 
LSDqos ns 2.85 169 .4 0.21 0.0274 0.0231 0.0354 ns a 
Northwest 
10/90 1.10 37.27 3329.1 1.37 0.1454 0.0905 0.0899 0.2582 113.80 
8/91 1.12 11.92 962.0 2.87 0.2360 0.0334 0.0500 0.2594 108.62 
10/91 1.16 47.25 4493.0 0.97 0.1696 0.0489 0.0747 0.2694 74.45 
LSDo.os ns 8.63 670.6 0.76 0.0303 0.0335 0.0131 ns ns 
' Pooling invalid due to Time*Crop Year interaction. 
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cultivation by 2 to 4 wk, while the 8/91 time followed 
cultivation by 6 to 8 wk. It was doubtful that cultivation 
caused the observed difference in physical properties. The 
lack of time differences in bulk density suggested that much 
densification after tillage occurred prior to sampling. It is 
more likely that the water content at sampling was a factor in 
the observed difference. The mass water content at time of 
sampling was 0.33 on 6/91, and 0.24 on 8/91. A note was made 
on the latter sampling date that the soil was too dry for 
optimum sampling conditions. Mass water content at sampling 
time for the 1991 dates at Northwest was similar, and 
therefore would not be a factor in the observed differences. 
There, the differences in pore size classes were consistent 
with densification. 
Northeast was again analyzed separately due to the 
time*crop interaction (Table 10). Few significant differences 
occurred among physical properties within a given sample time. 
Though significant differences existed among the 8/91 means 
(shown), no identifiable patterns were present. It was 
possible to find similar or opposite rankings of means, 
depending on the property and sampling date chosen. As 
before, plausible hypotheses to explain such behavior involve 
soil texture and soil organic carbon levels at Northeast, or 
the time in the rotation. 
Table 10. Significance levels and means for first year in corn analysis. Northeast 
Source P > F 
Crop System py 
Moment parameters 
OMl CM2 SKW 
pore radii, pm 
>150 150-15 15-1.5 <1.5 K. 
Sample time 
8/90 
10/90 
6/91 
8/91 
10/91 
0.0067 
0.1032 
0.0136 
0.2502 
0.0114 
0.1151 
0.0245 
0.2383 
0.4937 
0.4169 
0.2673 
0.0534 
0.4813 
0.4827 
0.6980 
0.1184 
0.0276 
0.1085 
0.0876 
0.4764 
0.0481 
0.0542 
0.1267 
0.0406 
0.4455 
0.0291 
0.5194 
0.8251 
0.3183 
0.0492 
0 . 0 8 8 6  
0.3001 
0 . 6 0 6 0  
0.0253 
0.6520 
0 . 0 6 6 0  
0.3575 
0.0254 
0.6468 
0.0478 
0.2670 
0.0684 
0.0037 
0.0235 
0.0054 
Means, 8/91 
Moment parameters pore radii, ]m. 
Crop Pb OMl CM2 SKW >150 150-15 15-1.5 <1.5 K, 
Mg/m' pim jjicr jjm/s 
/ m^ 
Cg-ON 1.25 22.63 2496.7 2.40 0.1923 0.0476 0.0403 0.2485 220.5 
Cg-N 1.20 20.07 2269.3 2.47 0.2631 0.0320 0.0125 0.2386 96.3 
Cs-ON 1.29 16.59 1611.3 2.65 0.1957 0.0493 0.0246 0.2444 81.3 
Cs-N 1.25 19.63 2030.0 2.78 0.1918 0.0536 0.0462 0.2370 33.5 
CSb 1.19 20.28 2350.0 2.74 0.2718 0.0342 0.0133 0.2329 149.9 
CCOM 1.27 5.93 615.3 5.42 0.2569 0.0143 0.0053 0.2432 91.4 
LSDo.05 ns ns ns ns 0.0694 ns 0.0284 ns 100.3 
78 
Retention Characteristics 
The retention model was developed for and tested on 
remolded, unstructured soil cores that had a sigmoid shape 
over the range from to 0, (van Genuchten, 1980). However, 
in this study, deviations from sigmoid-shaped curves occurred 
above 1.2 to 2.5 kPa of applied pressure in soils (Figure 1). 
These were probably related to soil structure. Structured 
soils retain water not only among and around soil particles, 
but also within and around soil aggregates. It was probable 
that desorption was occurring in two phases in these 
structured soils. First, the water surrounding aggregates was 
released above 1.2 to 2.5 kPa. Then, water from within the 
aggregates was released, resulting in two connected S shapes. 
This model can be used to predict the retention 
characteristic below 1.2 kPa, the range of greatest interest 
to those involved in modelling soil-plant systems. It would 
not be of utility if information on the preferential, or 
macropore, flow region were desired. If one model were desired 
for prediction of the characteristic of structured soils over 
the whole range, it would need to allow for the additional 
curve from 1.2 kPa to saturation. 
Van Genuchten (1980) suggested that 6^ represented the 
residual water content and could be set at some low water 
content, i.e., -1500 kPa. Mualem (1976) reported 0, values 
extrapolated from measured portions of retention curves of 
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Figure 1. Data from three cores 
many soils ranging from 0.002 to 0.28. Examination of soil 
water characteristics and low potential water contents in this 
study revealed that water contents asymptotically approached 
zero. When 0^ was set to nonzero values, poor fits were 
obtained. When 6^ was fit as a parameter, the curve-fitting 
procedure set the value at zero. Therefore, 6^ was set to zero 
for these soils to reduce the number of parameters fit by the 
procedure. This was possible because information on water 
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potentials less than - 1500 kPa was collected. Van Genuchten 
(1980) stated that changes in water content beyond 1500 kPa 
probably would invalidate the concept of a residual soil water 
content and be inconsistent with the sigmoid shape defined by 
the model. In these soils, the model fit the shape of the 
extended water content points, but the residual soil-water 
content concept was invalidated. Thus, 6^ did not represent a 
residual water content for soils in this study, in which clay 
contents were less than 35%. This might not be the case for 
soils with higher clay contents. 
Analysis of the parameters fitted to the retention curve 
using the model proposed by van Genuchten (1980) showed these 
parameters were not sensitive in distinguishing cropping 
system differences (Table 11). Predicted was affected by 
time. However, since this parameter was fitted and unrelated 
to porosity or actual saturated water content, 0, was only 
useful as a modelling parameter. The parameter, a, was 
unresponsive to time or cropping system, while n showed a 
response to time. There was no difference in the r^ values, 
which ranged from 0.970 to 0.978, demonstrating that the model 
described all cropping systems equally well. 
Predicted 0, values were 0.62 to 0.73 of the total 
porosity values listed in Table 12. Again, means from fence 
row samples were included for comparison. Cropping increases 
the value of a. In essence, this increased the slope with 
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Table 11. Significance levels for retention characteristic, 
first year of corn analysis. North Central 
Source P > F 
a n r^ 
Model 
Cropping System 
Time 
Time*Crop. System 
CV (%) 
0.0033 0.7615 
0.5864 0.4161 
0.0036 0.8171 
0.4051 0.8107 
12.9 367.7 
0.0348 0.5255 
0.6927 0.4395 
0.0054 0.6692 
0.9819 0.3224 
3.2 2.0 
which the retention curve approaches predicted 0,. Cropping 
also decreases the value of n, resulting in more gradual loss 
of water with pressure increases on the steepest portion of 
the curve. The effects of these parameters are demonstrated 
in Figure 2. The sampling dates were chosen because they 
represented the extremes of the means listed, and plots of the 
other sampling dates lie within the envelope of 8/90 and 8/91. 
The fence row plot was included to show the effects of 
cropping on the retention characteristic. The fence row 
sample retained more available water, thus cropping also 
decreased available water storage. 
Some workers have noted the lack of unique solutions 
using outflow type experiments (Hopmans et al., 1992; Kool et 
al., 1985; Parker et al., 1985) and have suggested that the 
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Table 12. Retention characteristic means by time. North Central 
Means 
Porosity" 9. a n 
8/90 0.6161 0.4320 0.291 1.1968 
10/90 0.5960 0.4079 0.115 1.2186 
6/91 0.5957 0.4370 0.420 1.2182 
8/91 0.5998 0.3746 0.441 1.2384 
^^^0.05 — 0.0424 ns 0.0405 
FR" 0.6451 0.3990 0.087 1.2620 
" Porosity and FR values included for comparison. 
measurement of soil water potential at a point inside the soil 
core improves performance (Eching and Hopmans, 1991; Toorman 
et al., 1990). Kool et al. (1985) recommended selecting 
initial parameters close to the actual values limits problems 
with uniqueness. This experimental setup did not have 
potential measurements inside the soil cores, so it was 
possible that the lack of significant treatment differences 
was due, in part, to not having a truly unique solution. 
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Figure 2. Retention characteristics from Table 12 
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SUMMARY 
Cropping practices altered physical properties from those 
found in adjacent fence rows. Bulk density, mean pore size, 
and breadth of pore size distribution were increased while 
tailing of the pore size distribution and saturated hydraulic 
conductivity were decreased. Cropping practices increased a 
and decreased n, altering soil water release characteristics. 
Soil response to cropping was affected by texture and soil 
organic carbon levels. The physical properties measured 
varied in sensitivity to tillage and planting operations. 
Rotations resulted in physical properties different from those 
of monocrop systems. Physical properties of soil in oat 
resembled those of the soil in the 2-yr crop in the rotation, 
and some physical properties from meadow persisted into the 
subsequent corn crop. Temporal variation was observed in most 
measured physical properties, but magnitude and direction of 
change was not consistent. For these soils, moment analysis 
and pore size distribution were the most useful in 
distinguishing differences due to cropping systems. 
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ABSTRACT 
Desorption techniques using pressurized air are often 
used in determination of soil physical properties. These 
techniques require maintenance of the humidity of air entering 
desorption units and a backflow prevention mechanism to 
protect pressure regulators. Many difficulties exist with a 
common method using Erlenmeyer flasks. A design for a one-
piece bubble-humidifier/water trap made from sheet acrylic is 
presented. This device is relatively easy to build, 
inexpensive, and is adequate for the range of common 
desorption pressures using desorption cells. 
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INTRODUCTION 
Soil water desorption methods often involve introducing 
pressurized air into chambers containing soil samples. 
Desorption pressures commonly range from 0.5 to 50 kPa. It is 
important that the air flowing through the soils not 
contribute to drying, for that would decrease the soil water 
content at any given potential. Klute (1986) suggested 
putting wet paper towels in the chambers to raise the humidity 
of the chamber air and decrease water loss by vapor transfer. 
Paper towels dry and the benefit is lost during longer 
desorption times. Alternative humidifiers used are Erlenmeyer 
flasks containing water, equipped with two glass rods through 
a rubber stopper (Figure 1). The inlet rod extends into the 
water so that air is allowed to pass through the water before 
going into the desorption unit feed lines. The outlet rod 
terminates just below the bottom of the stopper. It is 
difficult with this system to obtain an airtight seal on the 
stopper since the contents are pressurized. Procedures have 
to be taken to restrain the stopper. Another difficulty is 
breakage of the Pyrex flask due to applied pressure. Broken 
glass cleanup is dangerous. A hazard also exists for workers 
who might be in the room when the flask bursts. 
The water trap is a precautionary measure to protect 
pressure regulators from siphoning water if the pressure is 
lost behind the regulator. Erlenmeyer flasks are commonly 
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Pressure (n Pressure out 
Water 
Figure Al. Bubble humidifier and water trap using Erlenmeyer 
flasks 
used and have the same dangers as when used for the 
humidifiers. 
A need exists to develop an inexpensive and easily 
constructed unit that: 1) will serve as a bubble humidifier 
and water trap, and 2) will not shatter over the entire range 
of desorption pressures used. A description of such a unit 
follows. 
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DESIGN AND CONSTRUCTION 
A one-piece bubble humidifier and water trap was 
constructed using sheet acrylic. Acrylic was chosen for 
several reasons: transparency, strength, resistance to 
shattering, availability, ease of work, and cost. Acrylic can 
be cut with power saws and bonded with solvent cements, e.g., 
ethylene dichloride. The mechanical and physical properties 
of acrylic are given in Table 1. The design and measurements 
of the acrylic bubble humidifier/water trap are shown in 
Figure 2. The sheet acrylic used was 9.4 mm thick. The 
general design includes two chambers; a humidifier and a water 
trap. The water-trap chamber has a splashguard to prevent 
water from spraying against the top of the chamber and being 
siphoned through the pressure inlet. The splashguard directs 
water toward the bottom of the chamber. The water trap 
chamber inside dimensions are 118.6 mm x 83.2 mm x 83.2 mm. 
The splash guard is 83.2 mm x 60 mm. The inlet and outlet 
fittings are on opposite ends. This facilitates draining of 
the water trap chamber if a back-siphoning event occurs. The 
fittings used are male 6.3-mm male NPT tubing adapters. Holes 
are drilled in the endpieces, centered 20 cm down and in from 
the top corner, then threaded. Teflon tape is wrapped around 
the adapters, which are then inserted and tightened. Other 
fittings could be used that do not require tap and die sets. 
The wall that divides the chambers is centered 60 mm from the 
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Table 1. Mechanical and physical properties of acrylic 
Property Minimum Maximum Units 
Tensile strength at break 8 000 11 000 psi 
Compressive strength 11 000 19 000 psi 
Flexural strength 12 000 17 000 psi 
Tensile modulus 350 450 10^ psi 
Compressive modulus 390 475 10^ psi 
Flexural modulus at 73®F 390 475 10' psi 
Izod impact 0.3 0.4 ft-lb/in 
of notch 
Rockwell hardness MBO MlOO 
Specific gravity 1.17 1.20 
Water absorption 0.2 0.4 % 
(Modern Plastics Encyclopedia, 1991) 
outlet end. This placement of the center wall makes the 
volume of the water-trap chamber about twice that of the 
humidifier chamber, further insuring against accidental back-
siphoning into the regulator. An 80-mm length of 6.35-mm 
tubing is inserted through an angled hole 20 mm from the edge 
of the center wall so that it extends about 35 mm on either 
side. Hot glue or some other adhesive may be used to hold the 
tubing to the center wall. Placement of this tube on the same 
side as the outlet also facilitates draining the water trap. 
It is recommended that a tee and a short length of clamped 
Top View Side View 
60 mm 60 mm 60 mm 
Pressure 
Pressure 
out 
100 mm 
100 mm 
180 mm 
Figure A2. Diagram of an acrylic one-piece bubble humidifier and water trap 
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tubing be inserted into both the inlet and outlet lines a 
short distance from the chamber. These may be used in 
releasing pressure, draining the water trap, or refilling the 
humidifier. The water level in the humidifier should be 10-20 
mm below the outlet. It is also recommended that all tubing 
joints be secured with clamps. 
Before assembly, cut all pieces, drill all holes, thread 
the inlet/outlet holes, insert the tube through the central 
wall, and glue it. For assembly, a solvent, like ethylene 
dichloride can be used. If several chambers are to be built, 
prepare a jig for assembly to hold the pieces in the right 
places until dry. Clamps may be used, but are not necessary. 
(The resourceful researcher can find alternatives to clamps.) 
Once assembly is complete, test all seams to insure there are 
no leaks. One method is to pressurize the chamber while 
immersing it in water (no bubbles, no leaks). 
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DISCUSSION 
These chambers withstand pressures to 80 kPa with no 
difficulties. They are shatterproof and offer none of the 
disadvantages of the Erlenmeyer flask methods. Draining the 
water trap and refilling the humidifier is tricky at first, as 
the chamber must be laid on its side and clamps must be opened 
on all appropriate breather tubes. These chambers can be 
constructed for under $20 each and assembled in 2-4 hours 
(depending on the skill of the assembler). 
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GENERAL SUMMARY 
Long-term cropping and fertility management systems 
affected soil organic carbon (SOC) levels in the soils in this 
study. Systems with fewer tillage operations (those including 
meadow), or that returned more residue (fertilized and meadow 
systems) maintained the highest SOC levels. The low SOC 
levels in the corn-soybean rotation suggest this system is not 
as sustainable as a rotation that includes small grains and 
forage legumes, or even intensively fertilized continuous 
corn. Trade-offs in sustainability between monocrop corn and 
corn-soybean rotations are related to the fossil fuel use in 
the manufacture of nitrogen fertilizer. Fertilized continuous 
corn systems maintain higher SOC levels but also result in 
greater emissions of CO; into the atmosphere. These results 
would indicate that the corn-oat-meadow-meadow rotation was 
the most sustainable of the cropping systems studied from an 
SOC viewpoint. This system requires the least fertilizer N 
input, fewer tillage operations, and sequesters more 
atmospheric C. Changing cropping systems in the Corn Belt 
from corn-soybean rotations and continuous corn to longer 
rotations including forage legumes and small grains would 
simultaneously increase sequestering of atmospheric C and 
limit fossil fuel emissions. Such changes in cropping systems 
are not likely to occur due to limited markets for small 
grains and forage legumes in the Midwest. Application of SOC 
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dynamics models like that of Lucas et al. (1977) will require 
testing with other extensive data sets. An improved method of 
determining the steady-state SOC levels that incorporates some 
base soil data is needed. 
These same management systems also affected soil physical 
properties. However, no definite relationships were seen in 
the data. Introductory soils courses and texts often stated 
that SOC levels were inversely related to bulk density. This 
general rule applied among locations in this study. However, 
within a given location, the highest SOC levels and highest 
bulk densities were found in the same plots (meadow years of 
4-yr rotations). Though both SOC and soil physical properties 
were in dynamic equilibriums, the magnitude of changes in the 
physical property systems was much greater. The SOC is 
composed of the relatively resistant organic compounds 
remaining after initial decomposition. Measurements of SOC 
level changes that occur required years, while the physical 
properties were subjected to drastic changes in days or even 
minutes. Wheel traffic, tillage, and intensive rainfall 
events subjected the soil to rapid changes. Other changes 
occurred over longer time periods; aggregate disruption and 
formation, root and faunal activity, and densification after 
tillage. The relative magnitude of the changes that occurred 
in the soil made description of definitive relationships 
difficult. 
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This study left many questions unanswered. There should 
be a continuation of research on the long-term effects of 
cropping and tillage systems management on soil organic carbon 
and soil physical properties. Studies of this type will 
eventually help determine what is a "sustainable" agriculture. 
It is not known that the systems sampled for SOC were at 
equilibrium or in some state of flux, therefore, a follow-up 
study would be beneficial. There also needs to be a 
commitment by the research institution (Iowa State University, 
in this case) to maintain long-term research projects. The 
Northwest site (near Sutherland, Iowa) was plowed and put into 
other systems after 34 years, forfeiting valuable long-term 
tillage, fertility, and rotation plots. Funding for such 
studies is always an issue, and many researchers tend to view 
them as step-children. Research institutions need to make a 
firm commitment to such studies to help offset these 
difficulties. 
The compaction of the Northwest 6/91 samples demonstrates 
a need for more information on sampling techniques and water 
content. A study to address these issues will be outlined. 
It is recommended that soil cores of at least three different 
bulk densities be constructed in the lab. Enough cores should 
be constructed to cover three different water contents, three 
aging times, four sampling methods, and at least 3 
replications. The water contents would be soil dependent. 
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One could be within the range of the upper and lower plastic 
limits. Another could be near the lower plastic limit. A 
final water content could be below the lower plastic limit, 
representing a "dry" field condition. Aging times of 1-d, 1 
and 3 months could be used. Sampling methods should include 
the Uhland core sampler driven into the soil, a thin-walled 
sampler gradually pressed into the soil, and the Uhland core 
sampler gradually pressed into the soil. The final sample 
should be "undisturbed," possibly using a latex liner and 
constructing a sample similar in size to those collected with 
the other methods. The samples thus collected should be 
subjected to desorption, and data gathered for pore size 
fraction and moment analysis. The use of parameters from a 
van Genuchten equation to distinguish differences is not 
promising. If such a study were completed, statements 
concerning the effects of sampling method and water content on 
the sample could be made. If differences were apparent, a 
host of other treatments could be imposed. 
A field study of sampling methods and water content could 
also be beneficial. The site would need to be undisturbed and 
as uniform as possible. Preferably, it would also be 
uncropped. Sampling methods could be the driven and pressed 
Uhland core sampler, and a pressed thin-walled sampler. 
Samples should be taken over a range of predetermined 
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potentials. The use of a tension infiltrometer could 
facilitate sampling at those potentials. 
104 
ADDITIONAL REFERENCES 
Allison, F.E. 1973. Soil organic matter and its role in crop 
production. Elsevier Scientific Publ. Co., New York. 
Anderson, S.H., C.J. Gantzer, and J.R. Brown. 1990. Soil 
physical properties after 100 years of continuous 
cultivation. J. Soil Water Conserv. 45:117-121. 
Bauer, A., and A.L. Black. 1981. Soil carbon, nitrogen, and 
bulk density comparisons in two cropland tillage systems 
after 25 years and in virgin grassland. Soil Sci. Soc. 
Am. J. 45:1166-1170. 
Bouwman, A.F. 1989. Background, Part II. In A.F. Bouwman 
(ed.) Soils and the greenhouse effect. John Wiley & 
Sons, New York. 
Carter, M.R. 1988. Penetration resistance to characterize 
the depth and persistence of soil loosening in tillage 
studies. Can. J. Soil Sci. 68:657-668. 
Chang, C., and C.W. Lindwall. 1989. Effect of long-term 
minimum tillage practices on some physical properties of 
a Chernozemic clay loam. Can. J. Soil Sci. 69:443-449. 
Gosdin, G.W., M. Stelley, and W.E. Adams. 1949. The organic 
matter and nitrogen content and carbon-nitrogen ratio of 
Cecil soil as influenced by different cropping systems on 
classes II, III, and IV land. Soil Sci. Soc. Am. Proc. 
14:203-209. 
Hageman, N.R. and W.D. Shrader. 1979. Effects of crop 
sequence and N fertilizer levels on soil bulk density. 
Agron. J. 71:1005-1008. 
Hargrove, W.L. 1990. Role of conservation tillage in 
sustainable agriculture, p. 28-32. In J.P. Mueller and 
M.G. Wagger (ed.) Proc. of 1990 South. Reg. Cons. Till. 
Conf., July 16-17, 1990. North Carolina State Univ., 
Raleigh, NC. 
Havlin, J.L., D.E. Kissel, L.D. Maddux, M.M. Claassen, and 
J.H. Long. 1990. Crop rotation and tillage effects on 
soil organic carbon and nitrogen. Soil Sci. Soc. Am. J. 
54:448-452. 
Hill, R.L. 1990. Long-term conventional and no-tillage 
effects on selected soil physical properties. Soil Sci. 
Soc. Am. J. 54:161-166. 
105 
Karlen, D.L., D.C. Erbach, T.C. Kaspar, T.S. Colvin, E.G. 
Berry, and D.R. Timmons. 1990. Soil Tilth; A review of 
past perceptions and future needs. Soil Sci. Soc. Am. J. 
53:153-161. 
Kern, J.S., and M.G Johnson. 1993. Conservation tillage 
impacts on national soil and atmospheric carbon levels. 
Soil Sci. Soc. Am. J. 57:200-210. 
Larsen, W.E., C.E. Clapp, W.H. Pierre, and Y.B. Morachan. 
1972. Effects of increasing amounts of organic residues 
on continuous corn: II. Organic carbon, nitrogen, 
phosphorus, and sulfur. Agron. J. 64:204-208. 
Odell, R.T., S.W. Melsted, and W.M. Walker. 1984. Changes in 
organic carbon and nitrogen of Morrow Plot soils under 
different treatments, 1904-1973. Soil Sci. 137:160-171. 
Paul, E.A., and F.E. Clark. 1989. Soil microbiology and 
biochemistry. Academic Press, Inc., San Diego. 
Rasmussen, P.E., R.R. Allmaras, C.R. Rohde, and N.C. Roager, 
Jr. 1980. Crop residue influences on soil carbon and 
nitrogen in a wheat-fallow system. Soil Sci. Soc. Am. J. 
44:596-600. 
Rasmussen, P.E., and C.R. Rohde. 1988. Long-term tillage and 
nitrogen fertilization effects on organic nitrogen and 
carbon in a semiarid soil. Soil Sci. Soc. Am. J. 
52:1114-1117. 
Rickerl, D.H., and J.D. Smolik. 1990. Farming system's 
influences on soil properties and crop yields. J. Soil 
and Water Cons. 45:121-125. 
Ridley, A.O., and R.A. Hedlin. 1968. Soil organic matter 
and crop yields as influenced by frequency of summer 
fallowing. Can. J. Soil Sci. 48:315-322. 
Skidmore, E.L., J.B. Layton, D.V. Armbrust, and M.L. Hooker. 
1986. Soil physical properties as influenced by cropping 
and residue management. Soil Sci. Soc. Am. J. 50:415-
419. 
Takahashi, T., P.P. Tans, and I.Y. Fung. 1992. Balancing the 
budget: Carbon dioxide sources and sinks, and the effects 
of industry. Oceanus 35(1):18-28. 
Takahashi, T. 1989. The carbon dioxide puzzle. Oceanus 
32(2):22-29. 
106 
Tans, P.P., I.Y. Fung, and T. Takahashi. 1990. Observational 
constraints on the global atmospheric COj budget. Science 
(Washington, DC), 247:1431-1438. 
Terpstra, R. 1989. Formation of new aggregates under 
laboratory-simulated field conditions. Soil Tillage Res. 
13:13-21. 
Unger, Paul W. 1968. Soil organic matter and nitrogen 
changes during 24 years of dryland wheat tillage and 
cropping practices. Soil Sci. Soc. Am. Proc. 32:426-429. 
van Genuchten, M.Th. 1980. A closed-form equation for 
predicting the hydraulic conductivity of unsaturated 
soils. Soil Sci. Soc. Am. J. 44:892-898. 
Wagger, M.G., and H.P. Denton. 1989. Influence of cover crop 
and wheel traffic on soil physical properties in 
continuous no-till corn. Soil Sci. Soc. Am. J. 53:1206-
1210. 
Wallace, A., G.A. Wallace, and J.W. Cha. 1990. Soil organic 
matter and the global carbon cycle. J. Plant Nutrition 
13(3&4);459-466. 
Wood, C.W., D.G. Westfall, and G.A. Peterson. 1991. Soil 
carbon and nitrogen changes on initiation of no-till 
cropping systems. Soil Sci. Soc. Am. J. 55:470-476. 
Wood, C.W., J.H. Edwards, and C.G. Cummins. 1991. Tillage 
and crop rotation effects on soil organic matter in a 
Typic Hapludult of northern Alabama. J. Sust. Agric. 
2:31-41. 
107 
ACKNOWLEDGMENTS 
First, thanks to my major professor, Richard M. Cruse 
(Rick or "Cruser"), for all the ways he supported me, 
encouraged me, and directed me in my program of study and 
research. Thanks for the "opportunities" you allowed me. 
Thanks to the rest of my committee; Bob Horton, Michael 
Thompson, Stu Melvin, and Don Erbach, for serving me and 
helping me to become a more competent scientist. Thanks to 
Jim Swan for filling in for Horton at the end. 
Thanks to the members of our research group; K. Kohler, 
K. Ahlidza, D. Dinnes, F. Garcia, and E. Craft for occasional 
help and for friendship and intellectual stimulation. Special 
thanks to Drs. M. Ghaffarzadeh and J. Benjamin for their help 
and guidance. 
Thanks to Drs. J. Schafer, T. Loynachan, F. Troeh, and R. 
Horton for allowing me the opportunity to teach and to learn 
under their mentorship. A special thanks to Dr. Schafer, who 
lured me to Iowa State with a TA position. 
Thanks to many hourly workers who did many of the menial 
tasks involved in gathering and entering data; T. Alphs, T. 
Cruse, Urias, Komi, and N. Koch. 
Finally, thanks to David Haden, David Rueber, and Kenneth 
Ross for working around me and keeping me advised of plot 
status on their research centers where the bulk of my research 
was located. 
108 
APPENDIX A. TREATMENT INFORMATION, PLOT MAPS, AND STATISTICAL 
ANALYSIS PROCEDURES 
This appendix contains the treatment information for all 
sites, plot maps and plot map keys, an explanation of 
statistical comparisons and groupings, and diagrams of the 
desorption pressure cell apparatus. 
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Table Al. Treatment information for ail sites 
Crop Rotation N ratesf, kg/ha 
North Central 
Continuous Corn, grain - fall application 0, 90, 180, 270 
Corn-Corn-Corn-Oats 0, 90, 180, 270 
Corn-Soybean-Corn-Soybean 0, 90, 180, 270 
Corn-Soybean-Corn-Oats 0, 90, 180, 270 
Corn-Corn-Oats-Meadow 0, 90, 180, 270 
Corn-Oats-Meadow-Meadow 0, 90, 180, 270 
Continuous Corn, grain - spring application 0, 90, 180, 270 
Northeast 
Continuous Corn, grain 0, 90, 180, 270 
Continuous Corn, silage 0, 90, 180, 270 
Corn-Soybean 0, 90, 180, 270 
Corn-Corn-Soybean 0, 90, 180, 270 
Corn-Corn-Corn-Soybean 0, 90, 180, 270 
Corn-Corn-Oats-Meadow 0, 90, 180, 270 
Continuous Soybean 
Northwest 
Continuous Corn, grain 0, 45, 135, 200 
Corn-Soybeans-Corn-Soybeans 0, 45, 135, 200 
Corn-Corn-Oats-Meadow 0, 33, 67, 135 
Sorghum-Corn-Oats-Meadow Or 33, 67, 135 
Corn-Oats-Meadow-Meadow 0, 33, 67, 135 
Continuous Corn, silage 0, 45, 135, 200 
+ Applied to corn and sorghum plots only. P & K applied as 
needed. 
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Plot map of North Central rotation/fertility 
Ill 
Plot map key for North Central rotation/fertility experiment 
REP - replication 
C - corn Sb - soybean O - Oat Og - Oat 
catch crop 
Cropping system number 
1" 
2 
3" 
4 
5" 
6" 
7 
Block (BLK) number 
I 
II 
III 
IV 
" Selected for study. 
Cropping system / 
1 
C 
C 
C 
C 
C 
C 
C 
1990 
1991 
1992 
1989 
2 
C 
C 
Sb 
Sb 
C 
0 
C 
1991 
1992 
1989 
1990 
M - meadow 
year 
3 
C 
C 
C 
C 
0 
M 
C 
1992 
1989 
1990 
1991 
C 
Oe 
Sb 
Oe 
M 
M 
C 
1989 
1990 
1991 
1992 
Each crop year of a given cropping system is present in a 
given block in a given year. For example, in 1990, Crop Year 
(CY) 1 is present in Block (BLK) I, CY2 in BLK IV, CY3 in BLK 
3, and CY4 in BLK II. Plot design for Northwest 
rotation/fertility experiment was similar to that for North 
Central. 
Nitrogen fertilizer treatments* kg/ha 
a 0 
c 90 
d 180 
b** 270 
" Applied to corn plots only. Annual phosphorus and potassium 
application 0-67-67 kg/ha, or as needed. 
'' Changed from low rate to high rate in 1971. 
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Figure A2. Plot map of Northeast rotation/fertility 
experiment 
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Plot map key for Northeast rotation/fertility experiment 
Rep - replication 
C - corn Sb - soybean 0 - Oat M - meadow 
Cropping system number 
1» 
2» 
3» 
Plot number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Cropping system 
Continuous corn, grain 
Continuous corn, silage 
C^Sb 
CSbb 
C^CSb 
CC^Sb 
CCSb" 
C^CCSb 
CC^CSb 
CCC^Sb 
CCCSb*" 
C^COM 
CCbOM 
CC0^4 
CCOMf 
Continuous soybean 
" Selected for study. 
'' Crop grown in 1990. 
Nitrogen fertilizer treatments" kg/ha 
a 0 
b 90 
c 180 
d 270 
" Applied to corn plots only. Annual phosphorus and potassium 
application 0-67-67 kg/ha, or as needed. 
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Pre-1952 
Treatments 
Post-1952 Fertilizer Treatments, a - h 
See next page for key to fertilizer treatments 
Check 1 
Manure 
Manure 
+ Lime 
Lime 
Check 2 
b h e c d 9 f a 
f a h c g b e d 
e h b c g a d f 
a h f c b e d g 
168 ff 
21 ft 
» 
Figure A3. Plot map of original Agronomy Farm continuous corn 
experiment 
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Plot map key for original Agronomy Farm 
Manure-lime treatments practiced from 1917 to 1952. 
Fertilizer treatments practiced from 1952 to present. The 
former plots were divided and all eight fertility treatments 
were located on each of the former manure-lime plots except 
Check 2. 
Fertilizer treatment N PgOg KjO 
kg/ha kg/ha kg/ha 
a 0 0 0 
b" 270 0 0 
c 90 0 0 
d 180 0 0 
e 0 67 67 
f 270 67 67 
g 90 67 67 
h 180 67 67 
" Changed from low N rate to high N rate in 1977. 
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Statistical Analysis Procedures 
Data from the rotation/fertility experiments were grouped 
according to cropping system and crop year. Grouping was 
based on location, block, cropping system, and N fertility 
practices which were paired with measured data. The procedure 
was conducted with SAS DATA statements. An excerpt follows. 
data a; infilé 'c:\phd\bdn'; 
options pagesize=60 linesize=78; 
input loc time blk rep pit fert bd; 
group = 100*blk+10*plt+fert; 
grp = 10*plt+fert; 
data b; set a; if time <3; 
Comments : 
file to input 
defines 
system 
cropping 
identifies crop 
year 
if loc= 2 and group= 141 then crop = 4100 corn 
if loc= 2 and group= 241 then crop = 4200 corn 
if loc= 2 and group= 341 then crop = 4300 oat 
if loc= 2 and group= 441 then crop 4400 meadow 
if loc= 1 and group= 141 then crop 4100 corn 
if loc= 1 and group= 241 then crop = 4400 corn 
if loc= 1 and group= 341 then crop — 4300 oat 
if loc= 1 and group= 441 then crop 4200 meadow 
if loc= 1 and group= 151 then crop 5100 corn 
if loc= 1 and group= 251 then crop = 5400 meadow 
if loc= 1 and group= 351 then crop = 5300 meadow 
if loc= 1 and group= 451 then crop = 5200 oat. 
This method of grouping by cropping system or crop year 
resulted in unbalanced data sets. Therefore it was necessary 
to use PROC GLM in SAS rather than PROC ANOVA. With 
unbalanced data sets, only TYPE III SUMS OF SQUARES are used. 
When using TYPE III SUMS OF SQUARES, the sum of the model 
components sum of squares does not have to equal the model sum 
of squares. 
Three analytical approaches were taken with this data. The 
first approach considered the effect of crop year within 
117 
rotation. Only non-monocrop systems (CSb, CCOM, COMM) were 
considered in this analysis. An example analysis for one 
location follows; 
proc sort; by loc time; 
proc glm; class time crop rep; by loc; 
title 'Analysis - within rotation - by location'; 
model bd = crop rep(crop) time time*crop; 
test h=crop e=rep(crop); 
test h=time e=time*crop; 
means crop time time*crop / Isd lines e=rep(crop);. 
The ANOVA table for North Central follows : 
Source df Sum of Mean F Value P > F 
Squares Square 
Model 49 0.6041 0.0123 3.67 0. 0001 
Crop Year 9 0.3321 0.0369 7.15 0. 0025 
Rep(Crop Year) 10 0.0516 0.0052 
Time 3 0.0679 0.0226 4.57 0. 0102 
Time*Crop Year 27 0.1335 0.0049 1.47 0. 1226 
Error 45 0.1510 0.0034 
Total 94 0.7551 
Rep(Crop Year) is the error term used to test Crop Year, and 
Time*Crop Year is the error term used to test Time. 
Another analysis examined the effects on the variable 
only during the first year of corn in the cropping system. 
For this grouping, all continuous corn plots were used, both 
corn years of the CSb, and the first year of corn in CCOM, and 
COMM. SAS data statements were used to build the correct data 
set for analysis. 
data c; set a; if grpOO; 
data d; set a; cyl = crop - plt*1000; 
data d; set d; if cyl = 100; 
data c; set c d; drop cyl; proc sort; by loc time; 
proc glm; class time crop rep; by loc; 
title 'Analysis - first year of corn - by location'; 
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model bd = crop rep(crop) time time*crop; 
test h=crop e=rep(crop); 
test h=time e=time*crop; 
means crop time time*crop / Isd lines e=rep(crop); 
ANOVA for North Central 
Source df Sum of Mean F Value P > F 
Squares Square 
Model 24 0.1679 0.0070 2.02 0. 0083 
Cropping System 4 0.0102 0.0025 0.17 0. 9443 
Rep(Crop. Sys.) 5 0.0745 0.0149 
Time 3 0.0168 0.0056 3.09 0. 0680 
Time*Crop. Sys. 12 0.0218 0.0018 0.52 0. 8950 
Error 102 0.3536 0.0035 
Total 126 0.5216 
Rep(Crop. Sys.) is the error term used to test Cropping 
System, and Time*Crop. Sys. is the error term used to test 
Time. 
Analysis of a single time and location took the following 
pattern. 
proc glm; class crop rep; by loc time; 
title 'Analysis - first year of corn by loc time'; 
model bd = crop rep(crop); 
test h= crop e=rep(crop); 
means crop /Isd lines e=rep(crop);, 
ANOVA for North Central, 6/91 
Source df Sum of Mean F Value P > F 
Squares Square 
Model 9 0. 0357 0. 0040 1.07 0.4196 
Cropping System 4 0. 0038 0. 0009 0.15 0.9562 
Rep(Crop. Sys.) 5 0. 0319 0. 0064 
Error 22 0. 0812 0. 0037 
Total 31 0, .0069 
Again, Rep(Crop. Sys.) is the error term used to test Cropping 
System. 
Because data sets were imbalanced, and because the number 
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of replications and treatments varied with location, means 
were determined on the common treatments and sampling times by 
location. The resulting data could be analyzed as a balanced 
data set with PROC ANOVA in SAS. The following example was 
from the relative soil organic carbon analysis, which was 
pooled over all sampling times. 
proc means noprint; var bd? by loc crop; 
output out=rot mean= OCR; 
proc anova; class loc crop; 
model OCR = loc crop loc*crop; 
test h=loc crop e=loc*crop; 
means crop loc; 
Source df Sum of Mean F Value P > F 
Squares Square 
Model 11 0.0505 0 .0046 
Location 2 0.0314 0 .0157 25.99 0.0011 
Cropping System 3 0.0155 0 .0052 8.59 0.0137 
Loc.*Crop Sys. 6 0.0036 0 .0006 
Total 11 0.0505 
The model was completely defined, and Location*Cropping System 
was used as the error term to test for Location and Cropping 
System effects. 
There were no differences due to crop year within 
rotation in the soil organic carbon (SOC) data. Therefore, 
all data from each cropping system was pooled over all times 
for statistical analysis. The following example is from North 
Central. 
proc glm; class grp rep; by loc; 
title 'Analysis - rotation - by location'; 
model SOC = grp rep(grp); 
test h=grp e=rep(grp); 
means grp / Isd lines e=rep(grp); 
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ANOVA table for North Central 
Source df Sum of 
Squares 
Model 9 1179.8 
Cropping System 4 1093.9 
Rep(Crop. Sys.) 5 85.9 
Error 150 1026.2 
Total 159 2206.0 
Mean F Value P > F 
Square 
131.1 19.16 0.0001 
273.5 15.92 0.0047 
17.2 
6.8 
The data from the original Agronomy Farm was balanced and 
a covariate analysis was conducted to determine the effects of 
initial SOC levels (yl952), previous treatments (rng), and 
fertilizer treatments (fert) on current SOC levels. 
Orthogonal contrasts were made to determine effects of 
fertility practices. 
data a; infile 'aioaocall.chn'; 
input yl917 yl936 yl952 yl958 yl992 rng fert; 
proc sort; by rng fert; 
data al; set a; if rng<910; 
proc glm; class rng fert; 
model yl992 = rng fert yl952 /solution; 
contrast 'ON vs N' fert 3 -1 -1 -1 3 -1 -1 -1; 
contrast '0 P-K vs 60 P-K' fert 1111-1-1-1 -1; 
means rng fert / Isd lines alpha = 0.1; 
See Table 6 in Paper II for ANOVA. 
A discriminant analysis was performed to determine which 
factors significantly affected the variable in question. 
Discriminant analysis was used to determine effects of 
residue, initial SOC levels, and treatments on current SOC 
levels with the original Agronomy Farm data, and with the 
Northwest data. Discriminant analysis was also used in 
Appendix B to determine which factors most significantly 
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affected bulk density. The following program and output are 
from the original Agronomy Farm SOC level analysis. 
proc reg; 
model Y1992 = res Y1952 rng fert / selection = stepwise; 
Source 
Regression 
Error 
Total 
df 
1 
6 
7 
Variable 
Intercept 
Residue 
Parameter 
Estimate 
19.72 
0.00001 
Sum of 
Squares 
6.75 
10.01 
16.76 
Standard 
Error 
1.53 
0 . 0 0 0 0 0 6  
Mean F Value 
Square 
6.75 
1.67 
4.04 
P > F 
0.0911 
Type II 
Sum of Squares F Prob>F 
275.54 165.12 0.0001 
6.75 4.04 0.0911 
All variables in the model are significant at the 0.1500 
level. No other variables met the 0.1500 significance level 
for entry into the model. 
Variable Num.Partial Model F 
Step Ent'd Rem'd In R**2 R**2 C(p) Value P > F 
RES 0.4025 0.4025 2.01 4.04 0.0911 
Though residue (RES), manure-lime plots (rng), N-P-K fertility 
treatments (fert), and initial SOC level (Y1952) were tested, 
only residue significantly affected the current SOC level 
(Y1992). 
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APPENDIX B. EFFECTS OF SOIL WATER CONTENT AT SAMPLING TIME ON 
BULK DENSITY 
Weights to determine initial water content were obtained 
for all 1991 sampling times and locations except Northeast 
6/91. Water content at sampling time was determined when data 
were available. An analysis of mass water content (0^) and 
bulk density (p^) by location was made using the same 
statistical procedures as for the analyses in Paper II. Mass 
water content was selected as the better indicator of cropping 
effects on sampling water content because there was no 
compounding influence of another significant factor (bulk 
density) as there would be if volumetric water content were 
used. Sampling time was the only factor significantly 
affecting mass water content at North Central and Northeast, 
though crop year within rotation significantly affected water 
content at Northwest (Appendix A Tables 1-2). There was an 
interaction at Northwest between sampling times and crop year 
within rotation, and between sampling time and cropping 
systems. Sampling time affected mass water content due to 
time of sample collection relative to rainfall events and crop 
water uptake. However, sampling time would be expected to 
affect bulk density in ways other than the effect on water 
content because densification, root growth, wetting and drying 
cycles, other biotic factors, etc. are also time dependent. 
A stepwise discriminant analysis with an entry level of 
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Table Bl. Significance levels for sampling water content and 
bulk density for crop year within rotation analysis 
Source Pb 
F value P > F F value P > F 
By Location 
North Central 
Model 7.41 
Time 69.52 
Crop year 0.87 
Time*Crop year 2.14 
CV (%) 8.5 
Northeast 
Model 12.15 
Time 213.34 
Crop year 1.00 
Time*Crop year 1.04 
CV (%) 5.3 
Northwest 
Model 11.00 
Time 2.93 
Crop year 7.01 
Time*Crop year 16.96 
CV (%) 6.6 
0.0001 2.77 0.0135 
0.0001 0.00 0.9530 
0.5781 4.43 0.0147 
0.0807 0.71 0.6906 
5.9 
0.0001 1.92 0.1199 
0.0001 1.40 0.2906 
0.4597 6.54 0.0037 
0.4378 0.56 0.7283 
5.9 
0.0156 16.68 0.0071 
0.1108 5.01 0.0388 
0.0062 2.92 0.0775 
0.0077 11.68 0.0155 
2 . 6  
0.1500 was conducted to determine the primary factors 
affecting bulk density in this study (Appendix B Table 3). 
Results confirmed the effect of location on bulk density 
discussed in Paper II. When all locations were combined, 
cropping system, initial water content, and sampling time also 
affected bulk density. However, the primary factors differed 
with location. No factor significantly affected bulk density 
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Table B2. Significance levels for sampling water content and 
bulk density, first year in corn analysis 
Source 0^ Pb 
F value P > F F value P > F 
By Location 
North Central 
Model 26.46 
Time 364.02 
Cropping system 1.71 
Time*Crop. system 0.55 
CV (%) 7.5 
Northeast 
Model 18.89 
Time 161.76 
Cropping system 1.50 
Time*Crop. system 2.23 
CV (%) 4.5 
Northwest 
Model 9.21 
Time 24.26 
Cropping system 0.80 
Time*Crop. system 2.42 
CV (%) 7.2 
0 . 0 0 0 1  
0 . 0 0 0 1  
0.2839 
0.7000 
1 .11  
6.32 
0.36 
0.18 
5.0 
0.3719 
0.0658 
0.8306 
0.9487 
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 2 6 1 6  
0.0838 
5.28 
1.90 
4.87 
3.33 
3.4 
0.0001 
0.2263 
0.0115 
0.0201 
0 . 0 0 0 1  
0.0004 
0.5513 
0.0340 
6.47 
13.71 
5.61 
3.10 
5.6 
0.0001 
0 . 0 0 2 6  
0.0124 
0.0094 
in the first year of corn in the cropping systems at North 
Central. Cropping system and initial water content affected 
the bulk density at Northeast, but analysis of the data by 
linear regression revealed no relationship between sample 
water content and bulk density (Appendix B Figure 1). The r^ 
for Northeast was 0.039, indicating the effect of water 
content on bulk density must have been indirect, and related 
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Table B3. Partial r^ values from discriminant analysis for 
factors affecting soil bulk density during first year in corn 
Variable 
Partial 
•k.2 
F 
Value 
P > F 
All locations 
Location 0.3785 
Cropping system 0.0169 
Initial water content 0.0096 
Sampling time 0.0173 
103.51 
4.72 
2.72 
5.01 
0.0001 
0.0312 
0.1013 
0.0265 
North Central 
Cropping system® 
Initial water content" 
Sampling time" 
Northeast 
Cropping system 
Initial water content 
Sampling time" 
0.1127 
0.0595 
5.84 
3.24 
0.0197 
0.0787 
Northwest 
Cropping system 0.0890 
Initial water content 0.4510 
Sampling time 0.0707 
11.03 
47.64 
10 .16  
0 . 0 0 1 6  
0 . 0 0 0 1  
0.0023 
" These variables were tested but did not meet the 0.1500 
significance level for entry into the models. 
to factors which were not determined in the scope of this 
study. There was no relationship seen in the data for North 
Central, which had an r^ of 0.028 (Appendix B Figure 2). 
Discriminant analysis at Northwest showed that all 
factors examined significantly affected bulk density at 
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Figure Bl. Bulk density vs mass water content at sampling, 
Northeast 
Northwest (Appendix B Table 3). Regression analysis of the 
Northwest data had an overall r^ of 0.09 which implied no 
effect (Appendix B Figure 3). However, regression by cropping 
system yielded intriguing results. The r^ value for the 
rotations was 0.007, but for the CSb cropping system was 0.21, 
and for the continuous corn systems (grain and silage) was 
0.47. For the continuous corn systems, the regression 
equation was 
Pb = 0.78 + 1.62 0„,. 
Because the r^ value was higher than expected, the data were 
examined for anomalies. The lowest water content and 
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Figure B2. Bulk density vs mass water content at sampling, 
North Central 
densities occurred at the 8/91 sampling period (Appendix B 
Table 4). The author collected the core samples for this 
sampling period. Another individual collected the core 
samples at the other sampling periods. Differences in 
sampling methodology between individuals and water contents at 
sampling possibly confounded the results. 
Analysis of pore size fractions indicated compaction 
probably occurred during the 6/91 sampling at Northwest 
(Appendix B Table 5). This sampling had the least volume of 
pores with radii >15 /xm, and the greatest volume of pores with 
radii <1.5 /xm. No trends were obvious for pores 15 /xm > radii 
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Figure B3. Bulk density vs mass water content at sampling, 
Northwest 
> 1.5 urci. Saturated hydraulic conductivity for 6/91 was 1 to 
2 orders of magnitude less than for other sampling dates, 
further evidence of compaction during sampling. 
For consistency, whenever possible, the same individual 
should collect all core samples. If this is not a 
possibility, the same individual should collect all samples at 
a given site. 
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Table B4. Mean bulk density and sampling water content , NW 
Location Sampling dates 
6/91 8/91 10/91 
Pbf Mg/m^ 
North Central 0.33 0.24 -
Northeast - 0.20 0.26 
Northwest 0.34 0.24 0.26 
Omi' g/g 
North Central 1.10 1.09 -
Northeast - 1.26 1.28 
Northwest 1.38 1.14 1.28 
Table B5. Mean pore size by sample time 1, NW 
Sample 
time 
mo/yr 
Volume of pores of radii (jjm) 
> 150 150-15 15-1.5 < 1.5 
10/90 0.1435 0.0838 0.0856 0 .2660 
6/91 0.0862 0.0182 0.0496 0 .3265 
8/91 0.2327 0.0270 0.0429 0 .2700 
10/91 0.1568 0.0529 0.0731 0 .2774 
LSDQ.os 0.0487 0.0272 0.0111 0 .0204 
132 
APPENDIX C. FITTING THE RETENTION CHARACTERISTIC 
The retention equation proposed by van Genuchten (1980) 
was designed to model sigmoid-shaped water release 
characteristics. When the observed data departed from this 
shape, use of the model was no longer valid, unless conditions 
or limits were imposed within which the data followed the 
required shape. The water retention data for several cropping 
systems did not have sigmoid-shaped curves from porosity to 
very low potentials (see Figure 1 in Paper II). However, the 
data beyond 1.25 kPa had the correct form. 
Initially, an attempt was made to fit the parameters 
using all data, including porosity for saturated water content 
(#,). However, values for a fell outside the expected range 
for many cores (Appendix C Table 1). Mean a values for some 
cropping systems and times were greater than ten, rather than 
less than one as expected. Differences in 0, and a were 
related to differences in py. The mean r^ values using all 
data ranged from 0.945 to 0.957. Upon examination of the data 
and results, it was determined that omitting the porosity and 
0.6 kPa data should improve the fit. The omission of that 
data improved the r^ (range: 0.970 to 0.978), and resulted in a 
values generally less than one (see Table 12 in Paper II). 
The model with these fitted parameters is not useful for 
predicting water contents near saturation, only for those 
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upper points 
water contents within and below the range of plant available 
water (Appendix C Figure 1). The predicted values of 0, were 
much less than the porosity of the soil. It was not expected 
that a field soil would attain full saturation, even under 
prolonged periods of waterlogging, due to the presence of 
entrapped air. Klute (1986) stated that the natural 
saturation water content was generally 80 to 90% of the 
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Table Cl. Retention characteristic means fitted with all data 
listed by time and cropping system 
Group Sample 
Time 
Means 
0. a n 
Cg-ON 8/90 0.5909 3.13 1.175 
10/90 0.5405 2.26 1.181 
6/91 0.5464 16.47 1.157 
8/91 0.5239 16.09 1.147 
Cg-N 8/90 0.5935 1.79 1.188 
10/90 0.5483 1.40 1.190 
6/91 0.5434 14.45 1.163 
8/91 0.4965 3.94 1.193 
CSb 8/90 0.5886 2.08 1.177 
10/90 0.5504 1.62 1.185 
6/91 0.5433 8.49 1.173 
8/91 0.5161 31.29 1.158 
CCOM 8/90 0.5701 0.97 1.197 
10/90 0.5559 1.79 1.165 
6/91 0.5301 2.33 1.183 
8/91 0.4418 0.33 1.213 
COMM 8/90 0.5423 1.06 1.183 
10/90 0.5247 1.50 1.191 
6/91 0.4639 0.25 1.214 
8/91 0.4584 0.60 1.192 
porosity. However, for some of these soils the predicted 0, 
was as low as 60% of the porosity. 
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APPENDIX D. RAW DATA 
Key for all samples of rotation/fertility experiments 
tim - time, 1 - 8/90, 2 - 10/90, 3 - 6/91, 4 - 8/91, 5 - 10/91 
loc - location, K - North Central, N - Northeast, S - Northwest 
blk - block 
rep - replication 
pit - cropping system 
fert - nitrogen fertility treatment 
crop/yr - crop year within rotation 
rot - cropping system 
plot# - plot number of crop year within rotation at Northeast 
loc code# blk rep pit fert ring# yr crop/yr rot 
K 101 1 1 1 0 L51 1990 C-1 cccc 
K 102 1 1 1 1 L88 1990 C-1 cccc 
K 103 1 1 3 1 L75 1990 C-1 csbcsb 
K 104 1 1 4 1 L47 1990 C-1 CCOM 
K 105 1 1 5 1 L70 1990 C-1 COMM 
K 106 1 2 1 L57 1990 c-1 CCCC 
K 107 1 2 1 1 L69 1990 c-1 CCCC 
K 108 1 2 3 1 L63 1990 c-1 csbcsb 
K 109 1 2 4 1 L85 1990 c-1 CCOM 
K 110 1 2 5 1 L80 1990 c-1 COMM 
K 111 2 1 1 L52 1990 C-4 CCCC 
K 112 2 1 1 1 L55 1990 C-4 CCCC 
K 113 2 1 3 1 L46 1990 Sb-4 csbcsb 
K 114 2 1 4 1 L53 1990 M-1 CCOM 
K 115 2 1 5 1 L56 1990 M-2 COMM 
K 116 2 2 1 L71 1990 C-4 CCCC 
K 117 2 2 1 1 L76 1990 C-4 CCCC 
K 118 2 2 3 1 L84 1990 Sb-4 csbcsb 
K 119 2 2 4 1 L73 1990 M-1 CCOM 
K 120 2 2 5 1 L74 1990 M-2 COMM 
K 121 3 1 1 L54 1990 C-3 CCCC 
K 122 3 1 1 1 L50 1990 C-3 CCCC 
K 123 3 1 3 1 L48 1990 C-3 csbcsb 
K 124 3 1 4 1 L49 1990 O CCOM 
K 125 3 1 5 1 L58 1990 M—1 COMM 
K 126 3 2 1 L81 1990 C-3 CCCC 
K 127 3 2 1 1 L78 1990 C-3 CCCC 
K 128 3 2 3 1 L83 1990 C-3 csbcsb 
K 129 3 2 4 1 L77 1990 O CCOM 
K 130 3 2 5 1 L79 1990 M-1 COMM 
K 131 4 1 1 L66 1990 C-2 CCCC 
K 132 4 1 1 1 L61 1990 C-2 CCCC 
K 133 4 1 3 1 L59 1990 Sb-2 csbcsb 
K 134 4 1 4 1 L60 1990 C-2 CCOM 
K 135 4 1 5 1 L64 1990 0 COMM 
K 136 4 2 1 L68 1990 C-2 CCCC 
K 137 4 2 1 1 L67 1990 C-2 CCCC 
K 138 4 2 3 1 L82 1990 Sb-2 csbcsb 
K 139 4 2 4 1 L62 1990 C-2 CCOM 
K 140 4 2 5 1 L65 1990 0 COMM 
K 141 1 1 6 0 L87 1990 FR GRASS 
K 142 1 2 6 0 L86 1990 FR GRASS 
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1 N 143 1 1 1 0 L17 1990 C-1 CCCC 
1 N 144 1 1 1 1 L27 1990 C-1 cccc 
1 N 145 1 1 2 0 L16 1990 C-1 CCCC 
1 N 146 1 1 2 1 L14 1990 C-1 cccc 
1 N 147 1 1 3 1 L25 1990 C CSbCSb 
1 N 148 2 1 3 1 L9 1990 Sb CSbCSb 
1 N 149 1 1 4 1 L4 1990 C-1 CCOM 
1 N 150 2 1 4 1 L6 1990 C-2 CCOM 
1 N 151 3 1 4 1 L5 1990 O CCOM 
1 N 152 4 1 4 1 L26 1990 M—1 CCOM 
1 N 153 1 2 1 L21 1990 C-1 CCCC 
1 N 154 1 2 1 1 L45 1990 C-1 cccc 
1 N 155 1 2 2 LIO 1990 c-1 cccc 
1 N 156 1 2 2 1 L35 1990 c-1 cccc 
1 N 157 1 2 3 1 L41 1990 c CSbCSb 
1 N 158 2 2 3 1 L23 1990 Sb CSbCSb 
1 N 159 1 2 4 1 L20 1990 C-1 CCOM 
1 N 160 2 2 4 1 L22 1990 C-2 CCOM 
1 N 161 3 2 4 1 L7 1990 0 CCOM 
1 N 162 4 2 4 1 L28 1990 M-1 CCOM 
1 N 163 1 3 1 LU 1990 C-1 CCCC 
1 N 164 1 3 1 1 L13 1990 C-1 CCCC 
1 N 165 1 3 2 L2 1990 C-1 CCCC 
1 N 166 1 3 2 1 L1 1990 C-1 CCCC 
1 N 167 1 3 3 1 L8 1990 C CSbCSb 
1 N 168 2 3 3 1 L42 1990 Sb CSbCSb 
1 N 169 1 3 4 1 L34 1990 C-1 CCOM 
1 N 170 2 3 4 1 L3 1990 C-2 CCOM 
1 N 171 3 3 4 1 LIS 1990 0 CCOM 
1 N 172 4 3 4 1 L12 1990 M-1 CCOM 
1 N 173 1 1 6 0 L40 1990 FR GRASS 
1 N 174 1 2 6 0 L31 1990 FR GRASS 
1 N 175 1 3 6 0 L43 1990 FR GRASS 
2 K 176 1 1 1 0 97 1990 C-1 CCCC 
2 K 177 1 1 1 1 77 1990 C-1 CCCC 
2 K 178 1 1 3 1 72 1990 C-1 CSbCSb 
2 K 179 1 1 4 1 100 1990 C-1 CCOM 
2 K 180 1 1 5 1 76 1990 C-1 COMM 
2 K 181 1 2 1 21 1990 C-1 CCCC 
2 K 182 1 2 1 1 63 1990 C-1 CCCC 
2 K 183 1 2 3 1 65 1990 C-1 CSbCSb 
2 K 184 1 2 4 1 60 1990 C-1 CCOM 
2 K 185 1 2 5 1 61 1990 C-1 COMM 
2 K 186 2 1 1 218 1990 C-4 CCCC 
2 K 187 2 1 1 1 217 1990 C-4 CCCC 
2 K 188 2 1 3 1 220 1990 Sb-4 CSbCSb 
2 K 189 2 1 4 1 216 1990 M-1 CCOM 
2 K 190 2 1 5 1 93 1990 M-2 COMM 
2 K 191 2 2 1 78 1990 C-4 CCCC 
2 K 192 2 2 1 1 38 1990 C-4 CCCC 
2 K 193 2 2 3 1 68 1990 Sb-4 CSbCSb 
2 K 194 2 2 4 1 71 1990 M-1 CCOM 
2 K 195 2 2 5 1 75 1990 M-2 COMM 
2 K 196 3 1 1 209 1990 C-3 CCCC 
2 K 197 3 1 1 1 106 1990 C-3 CCCC 
2 K 198 3 1 3 1 211 1990 C-3 CSbCSb 
2 K 199 3 1 4 1 99 1990 O CCOM 
2 K 200 3 1 5 1 212 1990 M-1 COMM 
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2 K 201 3 2 1 0 54 1990 C-3 CCCC 
2 K 202 3 2 1 1 59 1990 C-3 CCCC 
2 K 203 3 2 3 1 66 1990 C-3 CSbCSb 
2 K 204 3 2 4 1 23 1990 0 CCOM 
2 K 205 3 2 S 1 62 1990 M—1 COMM 
2 K 206 4 1 1 94 1990 C-2 CCCC 
2 K 207 4 1 1 1 89 1990 C-2 CCCC 
2 K 208 4 1 3 1 92 1990 Sb-2 CSbCSb 
2 K 209 4 1 4 1 95 1990 C-2 CCOM 
2 K 210 4 1 5 1 87 1990 O COMM 
2 K 211 4 2 1 82 1990 C-2 CCCC 
2 K 212 4 2 1 1 83 1990 C-2 CCCC 
2 K 213 4 2 3 1 35 1990 Sb-2 CSbCSb 
2 K 214 4 2 4 1 88 1990 C-2 CCOM 
2 K 215 4 2 5 1 91 1990 0 COMM 
2 K 216 1 1 6 0 27 1990 FR GRASS 
2 K 217 1 2 6 0 29 1990 FR GRASS 
2 N 218 1 1 1 0 351 1990 C-1 CCCC 
2 N 219 1 1 1 1 350 1990 C-1 CCCC 
2 N 220 1 1 2 0 103 1990 C-1 CCCC 
2 N 221 1 1 2 1 201 1990 C-1 CCCC 
2 N 222 1 1 3 1 71 1990 C CSbCSb 
2 N 223 2 1 3 1 236 1990 Sb CSbCSb 
2 N 224 1 1 4 1 153 1990 C-1 CCOM 
2 N 225 2 1 4 1 99 1990 C-2 CCOM 
2 N 226 3 1 4 1 94 1990 0 CCOM 
2 N 227 4 1 4 1 107 1990 M-1 CCOM 
2 N 228 1 2 1 283 1990 C-1 CCCC 
2 N 229 1 2 1 1 208 1990 C-1 CCCC 
2 N 230 1 2 2 122 1990 C-1 CCCC 
2 N 231 1 2 2 1 111 1990 c-1 CCCC 
2 N 232 1 2 3 1 239 1990 c CSbCSb 
2 N 233 2 2 3 1 44 1990 Sb CSbCSb 
2 N 234 1 2 4 1 17 1990 C-1 CCOM 
2 N 235 2 2 4 1 61 1990 c-2 CCOM 
2 N 236 3 2 4 1 56 1990 0 CCOM 
2 N 237 4 2 4 1 240 1990 M-1 CCOM 
2 N 238 1 3 1 31 1990 C-1 CCCC 
2 N 239 1 3 1 1 37 1990 C-1 CCCC 
2 N 240 1 3 2 15 1990 C-1 CCCC 
2 N 241 1 3 2 1 2 1990 C-1 CCCC 
2 N 242 1 3 3 1 88 1990 C CSbCSb 
2 N 243 2 3 3 1 224 1990 Sb CSbCSb 
2 N 244 1 3 4 1 215 1990 C-1 CCOM 
2 N 245 2 3 4 1 19 1990 c-2 CCOM 
2 N 246 3 3 4 1 39 1990 0 CCOM 
2 N 247 4 3 4 1 234 1990 M—1 CCOM 
2 N 248 1 1 6 0 349 1990 FR GRASS 
2 N 249 1 2 6 0 302 1990 FR GRASS 
2 N 250 1 3 6 0 373 1990 FR GRASS 
2 S 251 1 1 1 0 M27 1990 C-2 CCCC 
2 S 252 1 1 1 1 M26 1990 C-2 CCCC 
2 S 253 1 1 3 1 M25 1990 Sb-2 CSbCSb 
2 S 254 1 1 4 1 M28 1990 C-2 CCOM 
2 S 255 1 1 5 1 M43 1990 O COMM 
2 S 256 1 1 2 0 M44 1990 C-2 CCCC 
2 S 257 1 1 2 1 M45 1990 C-2 CCCC 
2 S 258 1 2 1 0 M38 1990 C-2 CCCC 
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2 S 259 1 2 1 
2 S 260 1 2 3 
2 S 261 1 2 4 
2 S 262 1 2 5 
2 S 263 1 2 2 
2 S 264 1 2 2 
2 S 265 2 1 1 
2 S 266 2 1 1 
2 S 267 2 1 3 
2 S 268 2 1 4 
2 S 269 2 1 5 
2 S 270 2 1 2 
2 S 271 2 1 2 
2 S 272 2 2 1 
2 S 273 2 2 1 
2 S 274 2 2 3 
2 S 275 2 2 4 
2 S 276 2 2 5 
2 S 277 2 2 2 
2 S 278 2 2 2 
2 S 280 3 1 1 
2 S 281 3 1 1 
2 S 282 3 1 3 
2 S 283 3 1 4 
2 S 284 3 1 5 
2 S 285 3 1 2 
2 S 286 3 1 2 
2 s 287 3 2 1 
2 s 288 3 2 1 
2 s 289 3 2 3 
2 s 290 3 2 4 
2 s 291 3 2 5 
2 s 292 3 2 2 
2 s 293 3 2 2 
2 s 294 4 1 1 
2 s 295 4 1 1 
2 s 296 4 1 3 
2 s 297 4 1 4 
2 s 298 4 1 5 
2 s 299 4 1 2 
2 s 300 4 1 2 
2 s 301 4 2 1 
2 s 302 4 2 1 
2 s 303 4 2 3 
2 s 304 4 2 4 
2 s 305 4 2 5 
2 s 306 4 2 2 
2 s 307 4 2 2 
2 s 279 1 1 6 
2 s 308 1 2 6 
2 s 354 1 1 7 
2 s 355 1 2 7 
3 K 356 1 1 1 
3 K 357 1 1 1 
3 K 358 1 1 3 
3 K 359 1 1 4 
3 K 360 1 1 5 
3 K 361 1 2 1 
3 K 362 1 2 1 
M30 1990 C-2 CCCC 
M40 1990 Sb-2 CSbCSb 
M42 1990 C-2 CCOM 
M41 1990 0 COMM 
M39 1990 C-2 CCCC 
M29 1990 C-2 CCCC 
M34 1990 C-1 CCCC 
M33 1990 C-1 CCCC 
M35 1990 C-1 CSbCSb 
M31 1990 C-1 CCOM 
M36 1990 C-1 COMM 
M37 1990 C-1 CCCC 
M32 1990 c-1 CCCC 
M23 1990 c-1 CCCC 
M24 1990 c-1 CCCC 
M21 1990 c-1 CSbCSb 
M20 1990 c-1 CCOM 
M12 1990 c-1 COMM 
M22 1990 c-1 CCCC 
Mil 1990 c-1 CCCC 
M17 1990 C-4 CCCC 
M18 1990 C-4 cccc 
M15 1990 Sb-4 CSbCSb 
M19 1990 M—1 CCOM 
M16 1990 M-2 COMM 
M14 1990 C-4 CCCC 
M13 1990 C-4 CCCC 
MIO 1990 C-4 CCCC 
L37 1990 C-4 CCCC 
L38 1990 Sb-4 CSbCSb 
L90 1990 M-1 CCOM 
L89 1990 M—2 COMM 
M9 1990 C-4 CCCC 
L39 1990 C-4 CCCC 
M6 1990 C-3 CCCC 
M5 1990 C-3 CCCC 
M8 1990 C-3 CSbCSb 
L93 1990 0 CCOM 
L92 1990 M-1 COMM 
M7 1990 C-3 CCCC 
L91 1990 C-3 CCCC 
M2 1990 C-3 CCCC 
L96 1990 C-3 CCCC 
M3 1990 C-3 CSbCSb 
Ml 1990 O CCOM 
L95 1990 M-1 COMM 
L94 1990 C-3 CCCC 
M4 1990 C-3 CCCC 
L36 1990 FR GRASS 
L44 1990 FR GRASS 
L29 1990 WB TREES 
L33 1990 WB TREES 
L93 1991 C-2 CCCC 
L23 1991 C-2 CCCC 
L4 1991 Sb-2 CSbCSb 
M44 1991 C-2 CCOM 
L35 1991 O COMM 
M6 1991 C-2 CCCC 
L22 1991 C-2 CCCC 
0 
1 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
1 
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3 K 363 1 2 3 1 L1 1991 Sb-2 CSbCSb 
3 K 364 1 2 4 1 L7 1991 C-2 CCOM 
3 K 365 1 2 5 1 LU 1991 0 COMM 
3 K 366 2 1 1 M45 1991 C-1 CCCC 
3 K 367 2 1 1 1 L96 1991 C-1 CCCC 
3 K 368 2 1 3 1 M25 1991 C-1 CSbCSb 
3 K 369 2 1 4 1 M27 1991 C-1 CCOM 
3 K 370 2 1 5 1 LIO 1991 C-1 COMM 
3 K 371 2 2 1 L40 1991 C-1 CCCC 
3 K 372 2 2 1 1 L43 1991 c-1 CCCC 
3 K 373 2 2 3 1 L28 1991 C-1 CSbCSb 
3 K 374 2 2 4 1 L21 1991 c-1 CCOM 
3 K 375 2 2 5 1 L2 1991 c-1 COMM 
3 K 376 3 1 1 L94 1991 C-4 CCCC 
3 K 377 3 1 1 1 M36 1991 C-4 CCCC 
3 K 378 3 1 3 1 L92 1991 Sb-4 CSbCSb 
3 K 379 3 1 4 1 L95 1991 M-1 CCOM 
3 K 380 3 1 5 1 M17 1991 M-2 COMM 
3 K 381 3 2 1 L27 1991 C-4 CCCC 
3 K 382 3 2 1 1 L26 1991 C-4 CCCC 
3 K 383 3 2 3 1 L20 1991 Sb-4 CSbCSb 
3 K 384 3 2 4 1 L13 1991 M-1 CCOM 
3 K 385 3 2 5 1 L16 1991 M—2 COMM 
3 K 386 4 1 1 L9 1991 C-3 CCCC 
3 K 387 4 1 1 1 L45 1991 C-3 CCCC 
3 K 388 4 1 3 1 L6 1991 C-3 CSbCSb 
3 K 389 4 1 4 1 L5 1991 0 CCOM 
3 K 390 4 1 5 1 L25 1991 M-1 COMM 
3 K 391 4 2 1 L34 1991 C-3 CCCC 
3 K 392 4 2 1 1 L3 1991 C-3 CCCC 
3 K 393 4 2 3 1 L14 1991 C-3 CSbCSb 
3 K 394 4 2 4 1 L31 1991 0 CCOM 
3 K 395 4 2 5 1 L41 1991 M-1 COMM 
3 K 396 1 1 6 0 L42 1991 FR GRASS 
3 K 397 1 2 6 0 L15 1991 FR GRASS 
3 N 398 1 1 1 0 17 1991 C-2 CCCC 
3 N 399 1 1 1 1 236 1991 C-2 CCCC 
3 N 400 1 1 2 0 351 1991 C-2 CCCC 
3 N 401 1 1 2 1 2 1991 C-2 CCCC 
3 N 402 1 1 3 1 148 1991 Sb CSbCSb 
3 N 403 2 1 3 1 234 1991 C CSbCSb 
3 N 404 1 1 4 1 61 1991 C-2 CCOM 
3 N 405 2 1 4 1 240 1991 O CCOM 
3 N 406 3 1 4 1 107 1991 M CCOM 
3 N 407 4 1 4 1 56 1991 C-1 CCOM 
3 N 408 1 2 1 19 1991 C-2 CCCC 
3 N 409 1 2 1 1 C153 1991 C-2 CCCC 
3 N 410 1 2 2 15 1991 C-2 CCCC 
3 N 411 1 2 2 1 350 1991 C-2 CCCC 
3 N 412 1 2 3 1 373 1991 Sb CSbCSb 
3 N 413 2 2 3 1 122 1991 C CSbCSb 
3 N 414 1 2 4 1 144 1991 C-2 CCOM 
3 N 415 2 2 4 1 31 1991 0 CCOM 
3 N 416 3 2 4 1 39 1991 M CCOM 
3 N 417 4 2 4 1 224 1991 C-1 CCOM 
3 N 418 1 3 1 0 44 1991 C-2 CCCC 
3 N 419 1 3 1 1 349 1991 C-2 CCCC 
3 N 420 1 3 2 0 99 1991 C-2 CCCC 
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3 N 421 1 3 2 1 215 1991 C-2 CCCC 
3 N 422 1 3 3 1 111 1991 Sb CSbCSb 
3 N 423 2 3 3 1 239 1991 C CSbCSb 
3 N 424 1 3 4 1 88 1991 C-2 CCOM 
3 N 425 2 3 4 1 71 1991 O CCOM 
3 N 426 3 3 4 1 103 1991 M CCOM 
3 N 427 4 3 4 1 208 1991 C-1 CCOM 
3 N 428 1 1 6 0 37 1991 FR GRASS 
3 N 429 1 2 6 0 201 1991 PR GRASS 
3 N 430 1 3 6 0 302 1991 FR GRASS 
3 S 431 1 1 1 0 L61 1991 C-3 CCCC 
3 S 432 1 1 1 1 L74 1991 C-3 CCCC 
3 S 433 1 1 3 1 M8 1991 C-3 CSbCSb 
3 S 434 1 1 4 1 L52 1991 O CCOM 
3 S 435 1 1 5 1 L48 1991 M—1 COMM 
3 S 436 1 1 2 L63 1991 C-3 CCCC 
3 S 437 1 1 2 1 L78 1991 C-3 CCCC 
3 S 438 1 2 1 L54 1991 C-3 CCCC 
3 S 439 1 2 1 1 L57 1991 C-3 CCCC 
3 S 440 1 2 3 1 L80 1991 C-3 CSbCSb 
3 S 441 1 2 4 1 L46 1991 O CCOM 
3 S 442 1 2 5 1 L87 1991 M-1 COMM 
3 S 443 1 2 2 L84 1991 C-3 CCCC 
3 S 444 1 2 2 1 L53 1991 C-3 CCCC 
3 S 445 2 1 1 L68 1991 C-2 CCCC 
3 S 446 2 1 1 1 L60 1991 C-2 CCCC 
3 S 447 2 1 3 1 L79 1991 Sb-2 CSbCSb 
3 S 448 2 1 4 1 L47 1991 C-2 CCOM 
3 S 449 2 1 5 1 L81 1991 0 COMM 
3 S 450 2 1 2 0 L65 1991 C-2 CCCC 
3 S 451 2 1 2 1 L51 1991 C-2 CCCC 
3 S 452 1 1 6 0 L88 1991 FR GRASS 
3 s 453 1 2 6 0 L85 1991 FR GRASS 
3 s 454 1 1 7 0 L55 1991 WB TREES 
3 s 455 1 2 7 0 L62 1991 WB TREES 
4 K 456 1 1 1 0 M53 1991 C-2 CCCC 
4 K 457 1 1 1 1 M71 1991 C-2 CCCC 
4 K 458 1 1 3 1 M61 1991 Sb-2 CSbCSb 
4 K 459 1 1 4 1 M70 1991 C-2 CCOM 
4 K 460 1 1 5 1 M81 1991 0 COMM 
4 K 461 1 2 1 M74 1991 C-2 CCCC 
4 K 462 1 2 1 1 M54 1991 C-2 CCCC 
4 K 463 1 2 3 1 M69 1991 Sb-2 CSbCSb 
4 K 464 1 2 4 1 M57 1991 C-2 CCOM 
4 K 465 1 2 5 1 M56 1991 0 COMM 
4 K 466 2 1 1 M73 1991 C-1 CCCC 
4 K 467 2 1 1 1 M84 1991 C-1 CCCC 
4 K 468 2 1 3 1 M77 1991 C-1 CSbCSb 
4 K 469 2 1 4 1 M72 1991 C-1 CCOM 
4 K 470 2 1 5 1 M75 1991 C-1 COMM 
4 K 471 2 2 1 M89 1991 C-1 CCCC 
4 K 472 2 2 1 1 M49 1991 C-1 CCCC 
4 K 473 2 2 3 1 M79 1991 C-1 CSbCSb 
4 K 474 2 2 4 1 M65 1991 C-1 CCOM 
4 K 475 2 2 5 1 M67 1991 C-1 COMM 
4 K 476 3 1 1 M59 1991 C-4 CCCC 
4 K 477 3 1 1 1 M78 1991 C-4 CCCC 
4 K 478 3 1 3 1 M83 1991 Sb-4 CSbCSb 
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4 K 479 3 1 4 1 M90 1991 M—1 CCOM 
4 K 480 3 1 5 1 M82 1991 M—2 COMM 
4 K 481 3 2 1 M46 1991 C-4 CCCC 
4 K 482 3 2 1 1 M55 1991 C-4 CCCC 
4 K 483 3 2 3 1 M80 1991 Sb-4 CSbCSb 
4 K 484 3 2 4 1 M48 1991 M-1 CCOM 
4 K 485 3 2 5 1 M52 1991 M-2 COMM 
4 K 486 4 1 1 M87 1991 C-3 CCCC 
4 K 487 4 1 1 1 M86 1991 C-3 CCCC 
4 K 488 4 1 3 1 M85 1991 C-3 CSbCSb 
4 K 489 4 1 4 1 M76 1991 0 CCOM 
4 K 490 4 1 5 1 M68 1991 M-1 COMM 
4 K 491 4 2 1 M47 1991 C-3 CCCC 
4 K 492 4 2 1 1 M50 1991 C-3 CCCC 
4 K 493 4 2 3 1 M60 1991 C-3 CSbCSb 
4 K 494 4 2 4 1 M66 1991 O CCOM 
4 K 495 4 2 5 1 M63 1991 M-1 COMM 
4 K 496 1 1 6 0 M58 1991 FR GRASS 
4 K 497 1 2 6 0 M64 1991 FR GRASS 
4 N 498 1 1 1 0 71 1991 C-2 CCCC 
4 N 499 1 1 1 1 94 1991 C-2 CCCC 
4 N 500 1 1 2 0 77 1991 C-2 CCCC 
4 N 501 1 1 2 1 61 1991 C-2 CCCC 
4 N 502 1 1 3 1 233 1991 Sb CSbCSb 
4 N 503 2 1 3 1 218 1991 C CSbCSb 
4 N 504 1 1 4 1 59 1991 C-2 CCOM 
4 N 505 2 1 4 1 68 1991 0 CCOM 
4 N 506 3 1 4 1 106 1991 M CCOM 
4 N 507 4 1 4 1 82 1991 C-1 CCOM 
4 N 508 1 2 1 97 1991 C-2 CCCC 
4 N 509 1 2 1 1 92 1991 C-2 CCCC 
4 N 510 1 2 2 66 1991 C-2 CCCC 
4 N 511 1 2 2 1 93 1991 C-2 CCCC 
4 N 512 1 2 3 1 209 1991 Sb CSbCSb 
4 N 513 2 2 3 1 65 1991 C CSbCSb 
4 N 514 1 2 4 1 211 1991 C-2 CCOM 
4 N 515 2 2 4 1 75 1991 0 CCOM 
4 N 516 3 2 4 1 91 1991 M CCOM 
4 N 517 4 2 4 1 83 1991 C-1 CCOM 
4 N 518 1 3 1 99 1991 C-2 CCCC 
4 N 519 1 3 1 1 54 1991 C-2 CCCC 
4 N 520 1 3 2 78 1991 C-2 CCCC 
4 N 521 1 3 2 1 88 1991 C-2 CCCC 
4 N 522 1 3 3 1 79 1991 Sb CSbCSb 
4 N 523 2 3 3 1 95 1991 C CSbCSb 
4 N 524 1 3 4 1 212 1991 C-2 CCOM 
4 N 525 2 3 4 1 62 1991 0 CCOM 
4 N 526 3 3 4 1 217 1991 M CCOM 
4 N 527 4 3 4 1 220 1991 C-1 CCOM 
4 N 528 1 1 6 0 216 1991 FR GRASS 
4 N 529 1 2 6 0 100 1991 FR GRASS 
4 N 530 1 3 6 0 87 1991 FR GRASS 
4 S 531 1 1 1 0 L17 1991 C-3 CCCC 
4 S 532 1 1 1 1 L8 1991 C-3 CCCC 
4 S 533 1 1 3 1 L59 1991 C-3 CSbCSb 
4 S 534 1 1 4 1 L67 1991 0 CCOM 
4 S 535 1 1 5 1 L44 1991 M-1 COMM 
4 S 536 1 1 2 0 L50 1991 C-3 CCCC 
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4 S 537 1 1 2 
4 S 538 1 2 1 
4 S 539 1 2 1 
4 S 540 1 2 3 
4 S 541 1 2 4 
4 S 542 1 2 5 
4 S 543 1 2 2 
4 S 544 1 2 2 
4 s 545 2 1 1 
4 s 546 2 1 1 
4 s 547 2 1 3 
4 s 548 2 1 4 
4 s 549 2 1 5 
4 s 550 2 1 2 
4 s 551 2 1 2 
4 s 552 1 1 6 
4 s 553 1 2 6 
4 s 554 1 1 7 
4 s 555 1 2 7 
5 N 598 1 1 1 
5 N 599 1 1 1 
5 N 600 1 1 2 
5 N 601 1 1 2 
5 N 602 1 1 3 
5 N 603 2 1 3 
5 N 604 1 1 4 
5 N 605 2 1 4 
5 N 606 3 1 4 
5 N 607 4 1 4 
5 N 608 1 2 1 
5 N 609 1 2 1 
5 N 610 1 2 2 
5 N 611 1 2 2 
5 N 612 1 2 3 
5 N 613 2 2 3 
5 N 614 1 2 4 
5 N 615 2 2 4 
5 N 616 3 2 4 
5 N 617 4 2 4 
5 N 618 1 3 1 
5 N 619 1 3 1 
5 N 620 1 3 2 
5 N 621 1 3 2 
5 N 622 1 3 3 
5 N 623 2 3 3 
5 N 624 1 3 4 
5 N 625 2 3 4 
5 N 626 3 3 4 
5 N 627 4 3 4 
5 N 628 1 1 6 
5 N 629 1 2 6 
5 N 630 1 3 6 
5 S 631 1 1 1 
5 S 632 1 1 1 
5 S 633 1 1 3 
5 S 634 1 1 4 
5 S 635 1 1 5 
5 S 636 1 1 2 
L86 1991 C-3 CCCC 
L12 1991 C-3 CCCC 
L71 1991 C-3 CCCC 
L66 1991 C-3 CSbCSb 
L76 1991 0 CCOM 
L89 1991 M—1 COMM 
L77 1991 C-3 CCCC 
L58 1991 C-3 CCCC 
L83 1991 C-2 CCCC 
L82 1991 C-2 CCCC 
L70 1991 Sb-2 CSbCSb 
L90 1991 C-2 CCOM 
L91 1991 0 COMM 
L64 1991 C-2 CCCC 
L49 1991 C-2 CCCC 
L73 1991 FR GRASS 
L56 1991 FR GRASS 
L69 1991 WB TREES 
L75 1991 WB TREES 
M5 1991 C-2 CCCC 
M14 1991 C-2 CCCC 
M12 1991 C-2 CCCC 
M22 1991 C-2 CCCC 
M31 1991 Sb CSbCSb 
M9 1991 C CSbCSb 
M35 1991 C-2 CCOM 
M23 1991 O CCOM 
M21 1991 M CCOM 
M7 1991 C-1 CCOM 
M33 1991 C-2 CCCC 
M2 1991 C-2 CCCC 
M32 1991 C-2 CCCC 
M37 1991 C-2 CCCC 
M26 1991 Sb CSbCSb 
M13 1991 C CSbCSb 
M39 1991 C-2 CCOM 
MIS 1991 0 CCOM 
M38 1991 M CCOM 
M4 1991 C-1 CCOM 
M34 1991 C-2 CCCC 
M24 1991 C-2 CCCC 
M40 1991 C-2 CCCC 
M19 1991 C-2 CCCC 
M20 1991 Sb CSbCSb 
M15 1991 C CSbCSb 
MIO 1991 C-2 CCOM 
M8 1991 0 CCOM 
M30 1991 M CCOM 
M16 1991 C-1 CCOM 
M3 1991 FR GRASS 
M28 1991 FR GRASS 
M29 1991 FR GRASS 
L79 1991 C-3 CCCC 
L74 1991 C-3 CCCC 
L51 1991 C-3 CSbCSb 
L30 1991 O CCOM 
L52 1991 M-1 COMM 
L84 1991 C-3 CCCC 
1 
0 
1 
1 
1 
1 
0 
1 
0 
1 
1 
1 
1 
0 
1 
0 
0 
0 
0 
0 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
0 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
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S 637 1 1 2 1 L78 1991 C-3 CCCC 
s 638 1 2 1 0 L47 1991 C-3 CCCC 
s 639 1 2 1 1 L85 1991 C-3 CCCC 
s 640 1 2 3 1 L81 1991 C-3 CSbCSb 
s 641 1 2 4 1 L87 1991 0 CCOM 
s 642 1 2 5 1 L37 1991 M-1 COMM 
s 643 1 2 2 0 L53 1991 C-3 CCCC 
s 644 1 2 2 1 L80 1991 C-3 CCCC 
s 645 2 1 1 0 L46 1991 C-2 CCCC 
s 646 2 1 1 1 L88 1991 C-2 CCCC 
s 647 2 1 3 1 L57 1991 Sb-2 CSbCSb 
s 648 2 1 4 1 L55 1991 C-2 CCOM 
s 649 2 1 5 1 L63 1991 0 COMM 
s 650 2 1 2 0 L54 1991 C-2 CCCC 
s 651 2 1 2 1 L65 1991 C-2 CCCC 
s 652 1 1 6 0 L62 1991 FR GRASS 
s 653 1 2 6 0 L68 1991 FR GRASS 
s 654 1 1 7 0 L60 1991 WB TREES 
s 655 1 2 7 0 L61 1991 WB TREES 
Summary data from desorption procedures 
Water Desorption, CWRC, Iowa, 8-90 ONE MISSING DATA POINT 
RING BLK REP ROT FRT BD WAT12.5 WAT27.5 WAT53.5 WATIOO WAT200 WAT400 
L46 2 1 3 1 1. 04 0. 4470 0. 3863 0. 3529 0. 3286 0. 3163 0. 3073 
L47 1 1 4 1 0. 94 0. 4733 0. 3951 0. 3577 0. 3363 0. 3215 0. 3082 
L48 3 1 3 1 1. 03 0. 4201 0. 3646 0. 3528 0. 3365 0. 3249 0. 3120 
L49 3 1 4 1 1. 06 0. 4369 0. 4152 0. 3939 0. 3758 0. 3649 0. 3532 
L50 3 1 1 1 0. 91 0. 4615 0. 3843 0. 3491 0. 3289 0. 3152 0. 3017 
LSI 1 1 1 0 0. 97 0. 4099 0. 3573 0. 3324 0. 3165 0. 3056 0. 2935 
L52 2 1 1 0 0. 95 0. 4029 0. 3509 0. 3216 0. 3054 0. 2959 0. 2869 
L53 2 1 4 1 1. 09 0. 4278 0. 4117 0. 3908 0. 3704 0. 3586 0. 3476 
L54 3 1 1 0 1. 04 0. 4778 0. 3946 0. 3536 0. 3282 0. 3132 0. 3000 
L55 2 1 1 1 1. 03 0. 4927 0. 4182 0. 3771 0. 3518 0. 3364 0. 3226 
L56 2 1 5 1 1. 14 0. 4083 0. 3988 0. 3881 0. 3714 0. 3553 0. 3417 
L57 1 2 1 0 1. 17 0. 4057 0. 3385 0. 3022 0. 2806 0. 2704 0. 2636 
L58 3 1 5 1 1. 14 0. 3942 0. 3829 0. 3777 0. 3688 0. 3593 0. 3499 
L59 4 1 3 1 1. 07 0. 4524 0. 4287 0. 4074 0. 3894 0. 3766 0. 3621 
L60 4 1 4 1 0. 91 0. 4612 0. 3999 0. 3644 0. 3415 0. 3274 0. 3125 
L61 4 1 1 1 0. 97 0. 4562 0. 4050 0. 3754 0. 3560 0. 3422 0. 3274 
L62 4 2 4 1 0. 94 0. 4581 0. 3951 0. 3610 0. 3382 0. 3235 0. 3097 
L63 1 2 3 1 1. 02 0. 4493 0. 3904 0. 3549 0. 3266 0. 3095 0. 2966 
L64 4 1 5 1 1. 00 0. 4790 0. 4268 0. 3923 0. 3656 0. 3477 0. 3315 
L65 4 2 5 1 1. 00 0. 4322 0. 3818 0. 3540 0. 3389 0. 3288 0. 3213 
L66 4 1 1 0 1. 02 0. 4345 0. 3886 0. 3635 0. 3459 0. 3344 0. 3204 
L67 4 2 1 1 0. 98 0. 4591 0. 4050 0. 3652 0. 3373 0. 3222 0. 3092 
L68 4 2 1 0 1. 01 0. 4983 0. 3795 0. 3352 0. 3067 0. 2908 0. 2765 
L69 1 2 1 1 1. 01 0. 4145 0. 3683 0. 3446 0. 3272 0. 3151 0. 3050 
L71 2 2 1 0 0. 98 0. 4413 0. 3694 0. 3419 0. 3251 0. 3136 0. 3017 
L73 2 2 4 1 1. 09 0. 4750 0. 4345 0. 4127 0. 3917 0. 3765 0. 3619 
L74 2 2 5 1 1. 20 0. 4203 0. 4179 0. 4108 0. 4021 0. 3965 0. 3855 
L75 1 1 3 1 0. 97 0. 4753 0. 3960 0. 3547 0. 3294 0. 3142 0. 3012 
L76 2 2 1 1 1. 07 0. 4344 0. 3999 0. 3721 0. 3552 0. 3425 0. 3288 
L77 3 2 4 1 1. 02 0. 4636 0. 4253 0. 3903 0. 3606 0. 3417 0. 3273 
L78 3 2 1 1 1. 06 0. 4557 0. 3951 0. 3417 0. 3146 0. 2967 0. 2864 
L79 3 2 5 1 1. 18 0. 4293 0. 4282 0. 4178 0. 3984 0. 3839 0. 3622 
L80 1 2 5 1 1. 04 0. 4703 0. 4175 0. 3698 0. 3370 0. 3199 0. 3053 
L81 3 2 1 0 1.19 0.4122 0.3555 
L82 4 2 3 1 1.07 0.4303 0.4003 
L83 3 2 3 1 1.06 0.4289 0.3762 
LB 4 2 2 3 1 1.07 0.4100 0.3931 
LB 5 1 2 4 1 1.03 0.5114 0.4293 
LB 6 1 2 6 0 1.01 0.4496 0.4059 
LB7 1 1 6 0 0.87 0.4596 0.4005 
LBB 1 1 1 1 1.03 0.4562 0.4060 
CWRC 10-13 -90 DESORPTION DATA 
RING BLK REP ROT FRT BD WAT13.2 WAT25 
21 1 2 1 0 1.261 0.3929 0.3620 
23 3 2 4 1 1.182 0.3947 0.3693 
27 1 1 6 0 0.939 0.4545 0.3903 
29 1 2 6 0 1.032 0.4869 0.4382 
35 4 2 3 1 1.146 0.4943 0.4682 
3B 2 2 1 1 1.037 0.4817 0.4180 
54 3 2 1 0 1.163 0.4145 0.3653 
59 3 2 1 1 1.187 0.4049 0.3795 
60 1 2 4 1 1.183 0.3768 0.3684 
61 1 2 5 1 1.041 0.4572 0.4023 
62 3 2 5 1 1.235 0.4061 0.4004 
63 1 2 1 1 1.048 0.4404 0.3974 
65 1 2 3 1 1.069 0.4029 0.3537 
66 3 2 3 1 1.098 0.4459 0.4006 
6B 2 2 3 1 1.137 0.3969 0.3841 
71 2 2 4 1 1.196 0.4057 0.3989 
72 1 1 3 1 1.023 0.4711 0.4254 
75 2 2 5 1 1.088 0.4511 0.4444 
76 1 1 5 1 0.976 0.4047 0.3493 
77 1 1 1 1 1.053 0.3971 0.3704 
78 2 2 1 0 1.041 0.4326 0.3890 
82 4 2 1 0 1.068 0.4020 0.3546 
83 4 2 1 1 1.010 0.4337 0.3770 
87 4 1 5 1 1.105 0.4239 0.4057 
0. 3318 0. 3177 0. 3065 0. 2954 
0. 3793 0. 3641 0. 3511 0. 3352 
0. 3200 0. 2944 0. 2886 0. 2865 
0. 3863 0. 3776 0. 3672 0. 3531 
0. 3705 0. 3355 0. 3167 0. 2993 
0. 3757 0. 3587 0. 3516 0. 3438 
0. 3594 0. 3291 0. 3175 0. 3093 
0. 3693 0. 3403 0. 3240 0. 3100 
WAT50 WATIOO WAT200 WAT400 
0. 3365 0. 3251 0. 3140 0. 3059 
0. 3549 0. 3464 0. 3407 0. 3381 
0. 3465 0. 3302 0. 3249 0. 3226 
0. 3840 0. 3609 0. 3419 0. 3289 
0. 4260 0. 3881 0. 3668 0. 3532 
0. 3804 0. 3650 0. 3420 0. 3248 
0. 3368 0. 3246 0. 3123 0. 3024 
0. 3498 0. 3439 0. 3363 0. 3267 
0. 3648 0. 3612 0. 3561 0. 3479 
0. 3635 0. 3464 0. 3302 0. 3171 
0. 3808 0. 3627 0. 3492 0. 3405 
0. 3610 0. 3395 0. 3192 0. 3047 
0. 3178 0. 3121 0. 3025 0. 2988 
0. 3556 0. 3338 0. 3160 0. 3068 
0. 3747 0. 3699 0. 3650 0. 3623 
0. 3901 0. 3795 0. 3718 0. 3654 
0. 3949 0. 3744 0. 3518 0. 3347 
0. 4260 0. 4054 0. 3860 0. 3670 
0. 3228 0. 3181 0. 3118 0. 3076 
0. 3455 0. 3390 0. 3330 0. 3279 
0. 3523 0. 3382 0. 3255 0. 3166 
0. 3218 0. 3052 0. 2945 0. 2894 
0. 3400 0. 3264 0. 3157 0. 3079 
0. 3799 0. 3645 0. 3533 0. 3468 
88 4 2 4 1 1. 077 0.4605 0. 4122 
89 4 1 1 1 1. 076 0.4395 0. 4178 
91 4 2 5 1 1. 171 0.4356 0. 4228 
92 4 1 3 1 1. 035 0.4219 0. 3859 
93 2 1 5 1 1. 189 0.4242 0. 4153 
94 4 1 1 0 0. 989 0.4547 0. 3948 
95 4 1 4 1 1. 089 0.4726 0. 4461 
97 1 1 1 0 0. 985 0.4132 0. 3478 
99 3 1 4 1 1. 154 0.4625 0. 4423 
100 1 1 4 1 0. 976 0.4875 0. 4247 
106 3 1 1 1 0. 977 0.4204 0. 3737 
209 3 1 1 0 1. 140 0.4535 0. 4143 
211 3 1 3 1 1. 162 0.4137 0. 4040 
212 3 1 5 1 1. 274 0.4125 0. 4075 
216 2 1 4 1 1. 182 0.4593 0. 4183 
217 2 1 1 1 1. 120 0.4719 0. 4359 
218 2 1 1 0 1. 068 0.4229 0. 3749 
220 2 1 3 1 1. 045 0.4540 0. 4102 
Water Desorption, CWRC, Iowa, 6-91 
RING BLK REP ROT FRT BD WAT7.1 WAT12.9 
LI 1 2 3 1 1. 207 0. 4722 0. 4513 
LIO 2 1 5 1 1. 106 0. 5111 0. 4796 
Lll 1 2 5 1 1. 197 0. 3617 0. 3481 
L13 3 2 4 1 1. 047 0. 5195 0. 4790 
L14 4 2 3 1 1. 148 0. 4025 0. 3769 
L15 1 2 6 0 1. 167 0. 4390 0. 4201 
L16 3 2 5 1 1. 205 0. 4289 0. 4206 
L2 2 2 5 1 1. 037 0. 4873 0. 4504 
L20 3 2 3 1 1. 056 0. 3547 0. 3362 
L21 2 2 4 1 1. 068 0. 3963 0. 3757 
L22 1 2 1 1 1. 109 0. 3323 0. 3157 
L23 1 1 1 1 1. 088 0. 4657 0. 4089 
L25 4 1 5 1 1. 262 0. 4339 0. 4188 
L26 3 2 1 1 1. 087 0. 4679 0. 4276 
L27 3 2 1 0 1. 183 0. 3650 0. 3384 
0.3868 
0.4013 
0.4068 
0.3710 
0.4012 
0.3545 
0.4193 
0.3147 
0.4072 
0.3796 
0.3499 
0.3671 
0.4039 
0.4075 
0.3999 
0.3898 
0.3406 
0.3717 
0.3734 
0.3963 
0.3908 
0.3633 
0.3801 
0.3342 
0.4007 
0.3048 
0.3921 
0.3608 
0.3410 
0.3502 
0.4008 
0.4075 
0.3901 
0.3744 
0.3304 
0.3536 
0.3592 
0.3882 
0.3675 
0.3542 
0.3646 
0.3173 
0.3821 
0.2960 
0.3787 
0.3429 
0.3316 
0.3416 
0.3847 
0.4059 
0.3814 
0.3642 
0.3219 
0.3379 
WAT114 
0.4189 
0.4063 
0.3480 
0.3461 
0.3769 
0.3938 
0.4041 
0.3962 
0.3359 
0.3662 
0.3157 
0.3546 
0.4176 
0.3694 
0.3273 
0.3444 
0.3791 
0.3519 
0.3456 
0.3551 
0.3059 
0.3670 
0.2898 
0.3696 
0.3248 
0.3230 
0.3374 
0.3716 
0.4023 
0.3759 
0.3567 
0.3135 
0.3269 
WAT200 
0.4078 
0.3897 
0.3480 
0.3197 
0.3769 
0.3832 
0.3847 
0.3751 
0.3359 
0.3662 
0.3157 
0.3416 
0.4080 
0.3463 
0.3273 
WAT400 
0.3914 
0.3715 
0.3480 
0.3010 
0.3666 
0.3724 
0.3658 
0.3612 
0.3359 
0.3658 
0.3157 
0.3278 
0.3979 
0.3255 
0.3273 
WAT25 WAT53.5 
0.4327 0.4253 
0.4504 0.4230 
0.3481 0,3480 
0.4502 0.3742 
0.3769 0.3767 
0.4160 0.3977 
0.4197 0.4158 
0.4389 0.4089 
0.3360 0.3359 
0.3724 0.3661 
0.3157 0.3157 
0.3956 0.3681 
0.4188 0.4188 
0.4167 0.3897 
0.3343 0.3273 
L28 2  2  3  1  
L3 4  2  1  1  
L31 4  2  4  1  
L34 4  2  1  0  
L35  1  1  5  1  
L4 1  1  3  1  
L40 2  2  1  0  
L41  4  2  5  1  
L42 1  1  6  0  
L43  2  2  1  1  
L45 4  1  1  1  
L5 4  1  4  1  
L6 4  1  3  1  
L7 1  2  4  1  
L9 4  1  1  0  
L92  3  1  3  1  
L93 1  1  1  0  
L94  3  1  1  0  
L95  3  1  4  1  
L96 2  1  1  1  
M17 3  1  5  1  
M25 2  1  3  1  
M27 2  1  4  1  
M36 3  1  1  1  
M44 1  1  4  1  
M45 2  1  1  0  
M6 1  2  1  0  
047  0 .  5055  0 .  4471  
075  0 .  4651  0 .  4301  
043  0 .  4438  0 .  3924  
060  0 .  4822  0 .  4241  
174  0 .  4612  0 .  4481  
119  0 .  4557  0 .  4354  
006  0 .  4747  0 .  4120  
251  0 .  3681  0 .  3672  
071  0 .  4465  0 .  4003  
047  0 .  4359  0 .  3952  
123  0 .  4378  0 .  4127  
002  0 .  4645  0 .  4117  
983  0 .  4299  0 .  3861  
071  0 .  4418  0 .  4003  
036  0 .  3953  0 .  3510  
198  0 .  4826  0 .  4691  
035  0 .  3616  0 .  3180  
978  0 .  4086  0 .  3707  
088  0 .  5071  0 .  4795  
044  0 .  4805  0 .  4465  
278  0 .  4082  0 .  4023  
024  0 .  5233  0 .  4833  
042  0 .  5014  0 .  4555  
002  0 .  4405  0 .  4070  
048  0 .  4730  0 .  4356  
094  0 .  5017  0 .  4637  
288  0 .  4160  0 .  3816  
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 .  4324  0 .  4057  0  
0 .  4188  G.  3999  0  
0 .  3798  G.  3593  0  
0 .  3997  G.  3579  G 
0 .  4437  G.  4219  G 
0 .  4256  0 .  4139  G 
0 .  3991  0 .  3757  G 
0 .  3672  G.  3661  0  
0 .  3768  G.  3361  G 
0 .  3847  G.  3612  G 
0 .  4091  G.  3996  G 
0 .  4011  0 .  3821  G 
G.  3802  0 .  3642  0  
G.  3880  G.  3666  G 
0. 3433  G.  3359  G 
0 .  4564  G.  4438  G 
0 .  3141  0 .  3112  0  
G.  3618  G.  3460  G 
G.  4649  G.  4277  G 
G.  4344  0 .  4172  0  
G.  4023  0 .  4023  0  
G.  4707  G.  4462  G 
G.  4354  G.  4095  0  
G.  4036  G.  3952  G 
G.  4190  G.  4006  G 
G.  4194  G.  3826  G 
G.  3648  G.  3486  G 
0 .  3715  G.  3511  
G.  3727  G.  3554  
G.  3525  G.  3441  
G.  3201  0 .  3039  
G.  3871  G.  3690  
G.  4024  G.  3919  
G.  3506  G.  3365  
G.  3641  G.  3624  
G.  3348  G.  3323  
G.  3445  0 .  3325  
0 .  3854  G.  3750  
G.  3658  G.  3508  
G.  3432  G.  3293  
G.  3483  G.  3440  
G.  3338  0 .  3338  
0 .  4212  G.  4012  
0. 3114  0. 3114  
G.  3293  0. 3180  
0 .  3793  0 .  3585  
0 .  3891  0 .  3692  
G.  4023  G.  4023  
G.  4138  G.  3937  
0 .  3757  0 .  3557  
0 .  3789  0 .  3658  
G.  3834  G.  3735  
0 .  3695  G.  3630  
G.  3324  0 .  3203  
3890  
3865  
3594  
3391  
4070  
4100  
3646  
3661  
3361  
3565  
3959  
3799  
3613  
3635  
3338  
4352  
3114  
3395  
4015  
4064  
4023  
4315  
3952  
3901  
3940  
3790  
3442  
Water 
RING 
M46 
M47 
M48 
M49 
M50 
M52 
M53 
M54 
M55 
M56 
M57 
M58 
M59 
M60 
M61 
M63 
M64 
M65 
M66 
M67 
M68 
M69 
M70 
M71 
M72 
M73 
M74 
M75 
M76 
M77 
M78 
M79 
Desorption, CWRC, Iowa, 8-91 
bik rep rot frt bd WAT6 WAT13.3 WAT25 WAT50 WAT60 WAT100 
3 
4 
3 
2 
4 
3 
1 
1 
3 
1 
1 
1 
3 
4 
1 
4 
1 
2 
4 
2 
4 
1 
1 
1 
2 
2 
1 
2 
4 
2 
3 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
1 
1 
2 
1 
2 
2 
2 
2 
2 
1 
2 
1 
1 
1 
1 
2 
1 
1 
1 
1 
2 
1 
1 
4 
1 
1 
5 
1 
1 
1 
5 
4 
6 
1 
3 
3 
5 
6 
4 
4 
5 
5 
3 
4 
1 
4 
1 
1 
5 
4 
3 
1 
3 
0 1.174 
0 0.978 
1 1.125 
1.047 
1.105 
1.193 
1.086 
•!.041 
1.086 
1.042 
1.263 
0 0.738 
0 0.993 
1 1.021 
1.123 
1.271 
0.698 
1.062 
0.943 
1 0.979 
1 1.175 
1.109 
0.972 
1.051 
1.003 
1.016 
1.124 
1.113 
1.065 
1.035 
1.061 
1.040 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
0.3339 
0.4129 
0.4741 
0.5292 
0.5086 
0.3625 
0.3907 
0.3593 
0.3977 
0.4543 
0.3542 
0.3913 
0.4421 
0.4884 
0.3843 
0.4079 
0.5143 
0.4287 
0.3795 
0.4614 
0.4290 
0.5278 
0.3802 
0.5022 
0.4598 
0.4003 
0.4530 
0.4581 
0.4503 
0.4276 
0.4884 
0.3898 
0.2971 
0.3724 
0.4621 
0.4595 
0.4541 
0.3602 
0.3492 
0.3384 
0.3729 
0.4262 
0.3456 
0.3456 
0.3512 
0.4330 
0.3712 
0.4022 
0.4175 
0.3810 
0.3441 
0.4082 
0.4247 
0.4185 
0.3468 
0.4580 
0.4162 
0.3425 
0.3978 
0.4263 
0.4111 
0.3859 
0.4561 
0.3431 
0.2916 
0.3413 
0.4413 
0.4145 
0.4356 
0.3602 
0.3331 
0.3384 
0.3654 
0.4057 
0.3456 
0.3376 
0.3352 
0.4014 
0.3712 
0.4022 
0.3747 
0.3810 
0.3400 
0.3762 
0.4247 
0.3961 
0.3341 
0.4123 
0.3852 
0.3270 
0.3502 
0.4061 
0.4071 
0.3617 
0.4260 
0.3430 
0.2718 
0.2967 
0.3684 
0.3724 
0.4007 
0.3553 
0.3044 
0.3211 
0.3457 
0.3744 
0.3449 
0.2983 
0.2896 
0.3611 
0.3712 
3823 
3203 
3652 
3171 
3399 
0.4089 
0.3764 
0.3121 
0.3603 
0.3444 
0.3047 
0.2983 
0.3683 
0.3847 
0.3314 
0.3903 
0.3291 
0.2718 
0.2966 
0.3638 
0.3714 
0.4007 
0.3550 
0.3044 
0.3211 
0.3457 
0.3738 
0.3449 
0.2983 
0.2896 
0.3611 
0.3712 
0.3811 
0.3199 
0.3652 
0.3171 
0.3391 
0.4071 
0.3764 
0.3121 
0.3577 
0.3426 
0.3047 
0.2983 
0.3675 
0.3847 
0.3310 
0.3892 
0.3291 
0.2586 
0.2735 
0.3220 
0.3449 
0.3774 
0.3237 
0.2885 
0.3119 
0.3290 
0.3444 
0.3352 
0.2905 
0.2626 
0.3371 
0.3712 
0.3563 
0.3017 
0.3541 
0.2992 
0.3133 
0.3750 
0.3565 
0.2944 
0.3239 
0.3096 
0.2958 
0.2725 
0.3372 
0.3656 
0.3050 
0.3626 
0.3180 
WAT 150 
0.2586 
0.2703 
0.3105 
0.3392 
0.3766 
0.3190 
0.2875 
0.3119 
0.3244 
0.3320 
0.3352 
0.2905 
0.2595 
0.3360 
0.3712 
0.3534 
0.2944 
0.3541 
0.2950 
0.3069 
0.3706 
0.3514 
0.2913 
0.3138 
0.2978 
0.2958 
0.2709 
0.3314 
0.3625 
0.3048 
0.3548 
0.3180 
WAT200 
0.2586 
0.2701 
0.3041 
0.3368 
0.3766 
0.3178 
0.2875 
0.3119 
0.3227 
0.3252 
0.3352 
0.2905 
0.2587 
0.3360 
0.3712 
0.3509 
0.2910 
0.3541 
0.2932 
0.3039 
0.3686 
0.3497 
0.2905 
0.3056 
0.2890 
0.2958 
0.2709 
0.3301 
0.3616 
0.3048 
0.3496 
0.3180 
WAT300 
0.2586 
0.2694 
0.3034 
0.3360 
0.3766 
0.3176 
0.2875 
0.3119 
0.3224 
0.3247 
0.3352 
0.2891 
0.2579 
0.3355 
0.3712 
0.3507 
0.2895 
0.3491 
0.2928 
0.3032 
0.3680 
0.3417 
0.2901 
0.2963 
0.2864 
0.2933 
0.2703 
0.3296 
0.3475 
0.3041 
0.3406 
0.3180 
WAT500 
0.2582 
0.2684 
0.3022 
0.3281 
0.3660 
0.3173 
0.2869 
0.3119 
0.3218 
0.3237 
0.3352 
0.2884 
0.2566 
0.3310 
0.3648 
0.3502 
0.2879 
0.3468 
0.2922 
0.3021 
0.3676 
0.3396 
0.2895 
0.2932 
0.2852 
0.2926 
0.2622 
0.3286 
0.3415 
0.3032 
0.3369 
0.3178 
M80 
M81 
M82 
M83 
M84 
M85 
M86 
M87 
M89 
M90 
3 
1 
3 
3 
2 
4 
4 
4 
2 
3 
2 
1 
1 
1 
1 
1 
1 
1 
2 
1 
3 
5 
5 
3 
1 
3 
1 
1 
1 
4 
1 1.205 
1 1.213 
1 1.241 
1 1.172 
1 1.090 
1 1.037 
1 1.094 
0 1.113 
0 1.012 
1 1.283 
0.3102 
0.4097 
0.3987 
0.4458 
0.3978 
0.3910 
0.4560 
0.3977 
0.4769 
0.4119 
0.2977 
0.3995 
0.3928 
0.4189 
0.3562 
0.3529 
0.4287 
0.3626 
0.3840 
0.4095 
0.2977 
0.3995 
0.3928 
0.4051 
0.3512 
0.3465 
0.4093 
0.3583 
0.3704 
0.4095 
0.2977 
0.3853 
0.3928 
0.3862 
0.3318 
0.3172 
0.3862 
0.3335 
0.3317 
0.4095 
0.2977 
0.3838 
0.3928 
0.3852 
0.3318 
0.3172 
0.3862 
0.3335 
0.3317 
0.4095 
0.2960 
0.3620 
0.3885 
0.3649 
0.3252 
0.2975 
0.3708 
0.3190 
0.3108 
0.4040 
0.2960 
0.3602 
0.3885 
0.3550 
0.3252 
0.2935 
0.3672 
0.3190 
0.3089 
0.4038 
0.2960 
0.3602 
0.3885 
0.3488 
0.3252 
0.2905 
0.3661 
0.3190 
0.3084 
0.4038 
0.2960 
0.3602 
0.3843 
0.3410 
0.3252 
0.2901 
0.3539 
0.3190 
0.2987 
0.4033 
0.2960 
0.3556 
0.3822 
0.3403 
0.3252 
0.2894 
0.3521 
0.3190 
0.2934 
0.4033 
NERC 8-22 -90 DESORPTION DATA 
RING BLK REP ROT FRT BD WAT12.5 WAT30 WAT50 WATIOO WAT200 WAT400 WAT600 
LI 1 3 2 1 1. 31 0. 3800 0. 3614 0. 3452 0. 3279 0. 3145 0 .3017 0. 2961 
LIO 1 2 2 0 1. 25 0. 3685 0. 3177 0. 3019 0. 2874 0. 2764 0 .2645 0. 2616 
Lll 1 3 1 0 1. 09 0. 3940 0. 3310 0. 3135 0. 2997 0. 2894 0 .2756 0. 2699 
L12 4 3 4 1 1. 42 0. 3830 0. 3806 0. 3759 0. 3674 0. 3565 0 .3393 0. 3318 
L13 1 3 1 1 1. 18 0. 3598 0. 3308 0. 3163 0. 3049 0. 2944 0 .2824 0. 2783 
L14 1 1 2 1 1. 32 0. 3925 0. 3709 0. 3566 0. 3390 0. 3242 0 .3103 0. 3065 
LIS 3 3 4 1 1. 22 0. 4212 0. 3961 0. 3845 0. 3698 0. 3545 0 .3368 0. 3315 
L16 1 1 2 0 1. 21 0. 3640 0. 3183 0. 2998 0. 2793 0. 2658 0 .2511 0. 2458 
L17 1 1 1 0 1. 16 0. 3625 0. 3291 0. 3132 0. 2948 0. 2820 0 .2674 0. 2639 
L2 1 3 2 0 1. 18 0. 4030 0. 3409 0. 3158 0. 2946 0. 2804 0 .2644 0. 2604 
L20 1 2 4 1 1. 13 0. 3887 0. 3361 0. 3167 0. 2984 0. 2815 0 .2647 0. 2587 
L21 1 2 1 0 1. 16 0. 4125 0. 3632 0. 3373 0. 3146 0. 2969 0 .2815 0. 2783 
L22 2 2 4 1 1. 23 0. 3747 0. 3537 0. 3442 0. 3281 0. 3131 0 .2960 0. 2924 
L23 2 2 3 1 1. 18 0. 3343 0. 3113 0. 3026 0. 2906 0. 2813 0 .2711 0. 2671 
L25 1 1 3 1 1. 30 0. 3669 0. 3438 0. 3281 0. 3113 0. 2976 0 .2806 0. 2745 
L26 4 1 4 1 1. 38 0. 3942 0. 3826 0. 3691 0. 3498 0. 3331 0 .3167 0. 3131 
L27 1 1 1 1 1. 25 0. 3104 0. 2939 0. 2872 0. 2794 0. 2771 0 .2740 0. 2737 
L28 4 2 4 1 1. 27 0. 3912 0. 3720 0. 3537 0. 3345 0. 3165 0 .2996 0. 2915 
L3 2 3 4 1 1. 07 0. 3719 0. 3256 0. 3086 0. 2921 0. 2805 0 .2664 0. 2624 
L31 1 2 6 0 1. 10 0. 4185 0. 3793 0. 3560 0. 3355 0. 3228 0 .3081 0. 3016 
L34 1 3 4 1 1. 22 0. 3797 0. 3415 0. 3155 0. 2967 0. 2848 0 .2690 0. 2659 
L35 1 2 2 1 1.26 0.3654 0.3391 
L4 1 1 4 1 1.15 0.3965 0.3524 
L40 1 1 6 0 1.09 0.4988 0.4581 
L41 1 2 3 1 1.17 0.3799 0.3299 
L42 2 3 3 1 1.27 0.3738 0.3480 
L43 1 3 6 0 1.03 0.4520 0.4026 
L45 1 2 1 1 1.21 0.3827 0.3421 
L5 3 1 4 1 1.30 0.3783 0.3645 
L6 2 1 4 1 1.11 0.3517 0.2943 
L7 3 2 4 1 1.23 0.3757 0.3523 
L8 1 3 3 1 1.22 0.3560 0.3127 
L9 2 1 3 1 1.31 0.3451 0.3290 
NERC 10-18-90 DESORPTION DATA 
RING BLK REP ROT FRT ED WAT12.5 WAT26. 
2 1 3 2 1 1.26 0.4262 0.3758 
15 1 3 2 0 1.43 0.3894 0.3860 
17 1 2 4 1 1.19 0.3938 0.3521 
19 2 3 4 1 1.23 0.3948 0.3807 
31 1 3 1 0 1.32 0.3678 0.3561 
37 1 3 1 1 1.26 0.3824 0.3601 
39 3 3 4 1 1.31 0.4021 0.3873 
44 2 2 3 1 1.36 0.3590 0.3481 
56 3 2 4 1 1.25 0.3568 0.3362 
61 2 2 4 1 1.31 0.4142 0.3861 
71 1 1 3 1 1.32 0.3692 0.3459 
88 1 3 3 1 1.28 0.3637 0.3228 
94 3 1 4 1 1.18 0.4070 0.3755 
99 2 1 4 1 1.21 0.4151 0.3860 
103 1 1 2 0 1.39 0.3912 0.3671 
107 4 1 4 1 1.41 0.3773 0.3768 
111 1 2 2 1 1.48 0.3782 0.3704 
122 1 2 2 0 1.21 0.3684 0.3312 
153 1 1 4 1 1.16 0.4080 0.3640 
201 1 1 2 1 1.45 0.3605 0.3598 
0. 3271 0. 3128 0. 2959 0 .2821 0. 2780 
0. 3341 0. 3155 0. 3005 0 .2851 0. 2803 
0. 4283 0. 3975 0. 3765 0 .3562 0. 3499 
0. 3066 0. 2836 0. 2668 0 .2504 0. 2446 
0. 3335 0. 3191 0. 3068 0 .2946 0. 2906 
0. 3802 0. 3588 0. 3429 0 .3266 0. 3186 
0. 3240 0. 3056 0. 2902 0 .2743 0. 2682 
0. 3561 0. 3459 0. 3365 0 .3245 0. 3197 
0. 2758 0. 2615 0. 2578 0 .2527 0. 2527 
0. 3413 0. 3302 0. 3171 0 .3015 0. 2961 
0. 2974 0. 2815 0. 2726 0 .2601 0. 2578 
0. 3198 0. 3077 0. 3013 0 .2924 0. 2906 
WAT50.3 WATIOO WAT200 WAT400 WAT600 
0. 3314 0. 3059 0. 2858 0 .2675 0. 2622 
0. 3754 0. 3551 0. 3363 0 .3208 0. 3148 
0. 3197 0. 2991 0. 2799 0 .2628 0. 2587 
0. 3564 0. 3353 0. 3152 0 .2973 0. 2918 
0. 3389 0. 3221 0. 3068 0 .2912 0. 2875 
0. 3381 0. 3213 0. 3042 0 .2897 0. 2866 
0. 3704 0. 3573 0. 3427 0 .3276 0. 3229 
0. 3320 0. 3193 0. 3052 0 .2920 0. 2883 
0. 3155 0. 3018 0. 2894 0 .2797 0. 2797 
0. 3575 0. 3383 0. 3203 0 .3032 0. 2976 
0. 3243 0. 3098 0. 2951 0 .2820 0. 2777 
0. 2956 0. 2776 0. 2631 0 .2517 0. 2501 
0. 3480 0. 3291 0. 3115 0 .2953 0. 2898 
0. 3508 0. 3250 0. 3033 0 .2854 0. 2803 
0. 3334 0. 3161 0. 2986 0 .2856 0. 2823 
0. 3633 0. 3452 0. 3296 0 .3141 0. 3094 
0. 3543 0. 3385 0. 3217 0 .3092 0. 3065 
0. 3063 0. 2898 0. 2736 0 .2606 0. 2564 
0. 3318 0. 3112 0. 2933 0 .2776 0. 2745 
0. 3513 0. 3374 0. 3224 0 .3084 0. 3047 
208 1 2 1 1 1.33 0.3847 0.3704 
215 1 3 4 1 1.23 0.4029 0.3388 
224 2 3 3 1 1.26 0.3779 0.3675 
234 4 3 4 1 1.40 0.3838 0.3765 
236 2 1 3 1 1.25 0.3823 0.3618 
239 1 2 3 1 1.25 0.3929 0.3516 
240 4 2 4 1 1.44 0.3508 0.3503 
283 1 2 1 0 1.28 0.3938 0.3556 
302 1 2 6 0 1.10 0.4588 0.3973 
349 1 1 6 0 1.10 0.5162 0.4974 
350 1 1 1 1 1.23 0.3718 0.3542 
351 1 1 1 0 1.32 0.3884 0.3767 
373 1 3 6 0 1.11 0.4624 0.4052 
Water Desorption, NERC, 6-91 
RING BLK REP ROT FRT bd wat5.7 WAT12.5 
C107 3 1 4 1 1.36 0.4377 0.4270 
C153 1 2 1 1 1.21 0.4542 0.4542 
C2 1 1 2 1 1.30 0.4000 0.3809 
15 1 2 2 0 1.36 0.3971 0.3784 
17 1 1 1 0 1.25 0.4182 0.4182 
19 1 2 1 0 1.30 0.4089 0.3826 
31 2 2 4 1 1.38 0.4083 0.3955 
37 1 1 6 0 0.99 0.5040 0.4668 
39 3 2 4 1 1.32 0.4045 0.4029 
44 1 3 1 0 1.30 0.4310 0.4136 
56 4 1 4 1 1.35 0.3950 0.3838 
61 1 1 4 1 1.15 0.4227 0.3782 
71 2 3 4 1 1.31 0.4440 0.4379 
88 1 3 4 1 1.16 0.4618 0.3988 
99 1 3 2 0 1.27 0.4051 0.3782 
103 3 3 4 1 1.36 0.4343 0.4298 
111 1 3 3 1 1.37 0.3907 0.3776 
122 2 2 3 1 1.29 0.3973 0.3819 
144 1 2 4 1 1.19 0.4016 0.3701 
0. 3470 0. 3285 0. 3101 0. 2957 0. 2909 
0. 3098 0. 2856 0. 2664 0. 2511 0. 2483 
0. 3524 0. 3391 0. 3229 0. 3084 0. 3045 
0. 3587 0. 3416 0. 3255 0. 3107 0. 3053 
0. 3346 0. 3107 0. 2905 0. 2731 0. 2673 
0. 3197 0. 2993 0. 2808 0. 2656 0. 2624 
0. 3497 0. 3405 0. 3250 0. 3102 0. 3073 
0. 3273 0. 3060 0. 2869 0. 2695 0. 2627 
0. 3494 0. 3204 0. 3018 0. 2874 0. 2823 
0. 4431 0. 4064 0. 3814 0. 3615 0. 3557 
0. 3336 0. 3156 0. 2974 0. 2819 0. 2788 
0. 3574 0. 3377 0. 3172 0. 2993 0. 2941 
0. 3547 0. 3249 0. 3059 0. 2916 0. 2869 
WAT25 WAT50 WATIOO WAT200 WAT400 
0. 4112 0. 3866 0. 3684 0. 3513 0. 3318 
0. 3678 0. 3399 0. 3199 0. 3037 0. 2884 
0. 3638 0. 3442 0. 3291 0. 3137 0. 2963 
0. 3608 0. 3387 0. 3220 0. 3089 0. 2955 
0. 3654 0. 3359 0. 3151 0. 2991 0. 2814 
0. 3640 0. 3431 0. 3267 0. 3111 0. 2967 
0. 3791 0. 3558 0. 3403 0. 3280 0. 3177 
0. 4151 0. 3743 0. 3511 0. 3352 0. 3222 
0. 4023 0. 4009 0. 3929 0. 3816 0. 3669 
0. 3946 0. 3757 0. 3594 0. 3458 0. 3240 
0. 3758 0. 3651 0. 3557 0. 3466 0. 3370 
0. 3399 0. 3137 0. 2945 0. 2786 0. 2599 
0. 4253 0. 3944 0. 3680 0. 3489 0. 3254 
0. 3528 0. 3187 0. 2942 0. 2763 0. 2593 
0. 3527 0. 3274 0. 3063 0. 2923 0. 2815 
0. 4248 0. 4130 0. 3957 0. 3796 0. 3595 
0. 3642 0. 3527 0. 3407 0. 3316 0. 3200 
0. 3665 0. 3525 0. 3389 0. 3244 0. 3096 
0. 3467 0. 3306 0. 3184 0. 3071 0. 2953 
148 1 1 3 1 1. 26 0. 3975 0. 3754 0. 3557 0. 3415 0. 3297 0. 3177 0. 3041 
201 1 2 6 0 1. 04 0. 5022 0. 4720 0. 4129 0. 3641 0. 3355 0. 3192 0. 3042 
208 4 3 4 1 1. 21 0. 4405 0. 4179 0. 3960 0. 3772 0. 3616 0. 3476 0. 3292 
215 1 3 2 1 1. 24 0. 4714 0. 4168 0. 3757 0. 3461 0. 3211 0. 3009 0. 2784 
224 4 2 4 1 1. 36 0. 3938 0. 3770 0. 3631 0. 3476 0. 3346 0. 3213 0. 3096 
234 2 1 3 1 1. 23 0. 4393 0. 3926 0. 3552 0. 3273 0. 3072 0. 2898 0. 2755 
236 1 1 1 1 1. 22 0. 4187 0. 3813 0. 3540 0. 3339 0. 3178 0. 3033 0. 2866 
239 2 3 3 1 1. 20 0. 4392 0. 4392 0. 3620 0. 3347 0. 3168 0. 3004 0. 2861 
240 2 1 4 1 1. 44 0. 4203 0. 4056 0. 3945 0. 3800 0. 3652 0. 3507 0. 3341 
302 1 3 6 0 1. 01 0. 5204 0. 4857 0. 4357 0. 3935 0. 3672 0. 3511 0. 3332 
349 1 3 1 1 1. 25 0. 3921 0. 3667 0. 3442 0. 3254 0. 3125 0. 3027 0. 2921 
350 1 2 2 1 1. 31 0. 4160 0. 3925 0. 3617 0. 3362 0. 3170 0. 3036 0. 2855 
351 1 1 2 0 1. 42 0. 3994 0. 3862 0. 3763 0. 3603 0. 3385 0. 3206 0. 3030 
373 1 2 3 1 1. 33 0. 4280 0. 3903 0. 3641 0. 3433 0. 3270 0. 3135 0. 2986 
Water Desorption, NERC, 8-91 
RING bik rep rot frt bd WAT5.8 WATI 2.5 WAT25 
0.2904 0.2766 
0.3271 0.3027 
0.3045 0.2945 
0.2642 0.2564 
0.2556 0.2525 
0.3258 0.3031 
0.2766 0.2763 
0.3134 0.2887 
0.2477 0.2381 
0.2803 0.2654 
0.3489 0.3241 
0.3474 0.3382 
0.2810 0.2724 
0.2456 0.2456 
0.3942 0.3617 
0.3881 0.3476 
54 1 3 1 1 1.24 0.2904 
59 1 1 4 1 1.18 0.3648 
61 1 1 2 1 1.22 0.3227 
62 2 3 4 1 1.28 0.2730 
65 2 2 3 1 1.23 0.2670 
66 1 2 2 0 1.31 0.3485 
68 2 1 4 1 1.30 0.2799 
71 1 1 1 0 1.19 0.3468 
75 2 2 4 1 1.24 0.2477 
77 1 1 2 0 1.32 0.2803 
78 1 3 2 0 1.23 0.3748 
79 1 3 3 1 1.49 0.3474 
82 4 1 4 1 1.27 0.2964 
83 4 2 4 1 1.18 0.2456 
87 1 3 6 0 0.95 0.4319 
88 1 3 2 1 1.23 0.4317 
WAT50 WAT75 WAT 100 WAT150 WAT200 WAT300 WAT500 
0.2663 0.2650 0.2650 0.2649 0.2649 0.2648 0.2647 
0.2807 0.2766 0.2765 0.2757 0.2755 0.2749 0.2707 
0.2756 0.2714 0.2712 0.2707 0.2706 0.2705 0.2694 
0.2394 0.2390 0.2388 0.2388 0.2387 0.2386 0.2386 
0.2470 0.2467 0.2467 0.2467 0.2466 0.2466 0.2465 
0.2781 0.2737 0.2733 0.2710 0.2707 0.2671 0.2616 
0.2717 0.2717 0.2717 0.2717 0.2716 0.2716 0.2716 
0.2681 0.2637 0.2636 0.2629 0.2626 0.2614 0.2567 
0.2351 0.2351 0.2350 0.2350 0.2350 0.2350 0.2349 
0.2507 0.2506 0.2506 0.2505 0.2505 0.2504 0.2503 
0.2964 0.2867 0.2831 0.2765 0.2736 0.2670 0.2564 
0.3320 0.3277 0.3268 0.3215 0.3178 0.3113 0.3013 
0.2648 0.2648 0.2647 0.2647 0.2646 0.2645 0.2645 
0.2456 0.2456 0.2456 0.2444 0.2444 0.2433 0.2391 
0.3330 0.3293 0.3292 0.3290 0.3288 0.3286 0.3233 
0.3147 0.3016 0.2965 0.2858 0.2792 0.2682 0.2554 
0.2960 
0.2475 
0.2791 
0.2400 
0.2444 
0.2624 
0.2951 
0.3070 
0.2948 
0.2645 
0.2506 
0.2475 
0.3237 
0.3085 
0.2382 
0.2717 
0.2809 
Water Desorption, NERC, 10-91 
RING BLK REP ROT FRT BD WAT12.5 WAT25 WAT50 WATIOO WAT150 WAT200 WAT300 WAT500 
MIO 1 3 4 1 1. 16 0. 3138 0.2780 0.2616 0 .2506 0.2488 0. 2483 0.2462 0.2462 
M12 1 1 2 0 1. 37 0. 3630 0.3412 0.3223 0 .3081 0.3028 0. 3025 0.2929 0.2835 
M13 2 2 3 1 1. 22 0. 3270 0.3063 0.2984 0 .2933 0.2931 0. 2929 0.2869 0.2819 
M14 1 1 1 1 1. 12 0. 3686 0.3282 0.3020 0 .2818 0.2723 0. 2675 0.2599 0.2578 
M15 2 3 3 1 1. 27 0. 3305 0.3097 0.2931 0 .2802 0.2760 0. 2758 0.2731 0.2731 
M16 4 3 4 1 1. 30 0. 3071 0.2996 0.2994 0 .2993 0.2993 0. 2992 0.2925 0.2889 
M18 2 2 4 1 1. 45 0. 3134 0.3081 0.3080 0 .3073 0.3073 0. 3073 0.3007 0.2966 
M19 1 3 2 1 1. 28 0. 3802 0.3185 0.3009 0 .2879 0.2849 0. 2846 0.2728 0.2698 
M2 1 2 1 1 1. 12 0. 3933 0.3063 0.2900 0 .2713 0.2615 0. 2578 0.2533 0.2530 
M20 1 3 3 1 1. 37 0. 3004 0.2844 0.2777 0 .2719 0.2718 0. 2716 0.2676 0.2676 
M21 3 1 4 1 1. 42 0. 3312 0.3275 0.3243 0 .3208 0.3208 0. 3208 0.3125 0.3039 
M22 1 1 2 1 1. 34 0. 3142 0.3019 0.2992 0 .2955 0.2954 0. 2953 0.2874 0.2835 
M23 2 1 4 1 1. 37 0. 3197 0.3091 0.3038 0 .2991 0.2989 0. 2989 0.2952 0.2932 
M24 1 3 1 1 1. 19 0. 3557 0.2901 0.2784 0 .2742 0.2740 0. 2738 0.2675 0.2653 
M26 1 2 3 1 1. 26 0. 3121 0.2906 0.2777 0 .2703 0.2698 0. 2697 0.2630 0.2595 
M28 1 2 6 0 1. 03 0. 4877 0.4437 0.4094 0 .3814 0.3680 0. 3633 0.3558 0.3480 
M29 1 3 6 0 1. 08 0. 4273 0.3817 0.3419 0 .3242 0.3206 0. 3202 0.3134 0.3093 
M3 1 1 6 0 1. 08 0. 3948 0.3567 0.3336 0 .3218 0.3212 0. 3208 0.3171 0.3169 
91 3 2 4 1 1.47 0.3304 0.3304 0.3304 
92 1 2 1 1 1.15 0.3358 0.2944 0.2700 
93 1 2 2 1 1.30 0.3290 0.3182 0.3025 
94 1 1 1 1 1.22 0.2944 0.2643 0.2500 
95 2 3 3 1 1.19 0.3052 0.2756 0.2585 
97 1 2 1 0 1.21 0.3518 0.3165 0.2911 
99 1 3 1 0 1.35 0.3980 0.3794 0.3616 
100 1 2 6 0 1.08 0.4919 0.4480 0.3936 
106 3 1 4 1 1.38 0.3597 0.3553 0.3445 
209 1 2 3 1 1.24 0.3248 0.3003 0.2835 
211 1 2 4 1 1.08 0.3418 0.3058 0.2826 
212 1 3 4 1 1.21 0.3956 0.3552 0.3182 
216 1 1 6 0 0.92 0.5525 0.5375 0.5010 
217 3 3 4 1 1.29 0.4088 0.3960 0.3699 
218 2 1 3 1 1.14 0.3411 0.3096 0.2808 
220 4 3 4 1 1.21 0.3348 0.3114 0.2933 
233 1 1 3 1 1.31 0.3183 0.3183 0.3002 
0.3243 0.3189 0.3178 0.3136 0.3120 0.3067 
0.2510 0.2487 0.2482 0.2481 0.2479 0.2477 
0.2858 0.2820 0.2820 0.2812 0.2811 0.2807 
0.2400 0.2401 0.2400 0.2399 0.2403 0.2401 
0.2453 0.2450 0.2449 0.2448 0.2447 0.2445 
0.2749 0.2713 0.2710 0.2693 0.2691 0.2664 
0.3430 0.3327 0.3318 0.3227 0.3185 0.3082 
0.3656 0.3496 0.3438 0.3354 0.3309 0.3227 
0.3260 0.3174 0.3153 0.3098 0.3078 0.3020 
0.2671 0.2650 0.2650 0.2649 0.2647 0.2646 
0.2630 0.2576 0.2572 0.2545 0.2544 0.2536 
0.2883 0.2770 0.2737 0.2667 0.2644 0.2579 
0.4375 0.4005 0.3863 0.3660 0.3569 0.3432 
0.3403 0.3313 0.3293 0.3240 0.3222 0.3165 
0.2519 0.2469 0.2468 0.2454 0.2452 0.2439 
0.2759 0.2738 0.2735 0.2734 0.2732 0.2731 
0.2920 0.2903 0.2903 0.2897 0.2897 0.2883 
M30 3 3 4 1 1. 36 0. 3205 0. 3125 0. 3060 
M31 1 1 3 1 1. 29 0. 3570 0. 3321 0. 3162 
M32 1 2 2 0 1. 28 0. 3485 0. 3120 0. 2913 
M33 1 2 1 0 1. 25 0. 3259 0. 2853 0. 2853 
M34 1 3 1 0 1. 34 0. 3886 0. 3637 0. 3407 
M35 1 1 4 1 1. 16 0. 3806 0. 3377 0. 3108 
M37 1 2 2 1 1. 32 0. 3233 0. 2997 0. 2826 
M38 3 2 4 1 1, 29 0. 3698 0. 3392 0. 3159 
M39 1 2 4 1 1. 19 0. 3315 0. 3052 0. 2924 
M4 4 2 4 1 1. 30 0. 3707 0. 3177 0. 3004 
M40 1 3 2 0 1. 32 0. 3684 0. 3394 0. 3155 
M5 1 1 1 0 1. 26 0. 3368 0. 3164 0. 3008 
M7 4 1 4 1 1. 24 0. 3829 0. 3544 0. 3353 
M8 2 3 4 1 1. 17 0. 3354 0. 3117 0. 2997 
M9 2 1 3 1 1. 27 0. 3860 0. 3571 0. 3337 
Water Desorption, GPRC-ROT, Iowa, 11-90 
RING BLK REP ROT FRT BD WAT18.3 WAT25 
L29 1 1 7 0 0.956 0.4312 0.4090 
L36 1 1 6 0 0.918 0.4648 0.4381 
L91 4 1 2 1 1.031 0.3884 0.3556 
L92 4 1 5 1 1.110 0.4052 0.3759 
L93 4 1 4 1 1.065 0.3540 0.3252 
Ml 3 3 1 2 1 1.126 0.4063 0.3792 
M14 3 1 2 0 1.082 0.3662 0.3504 
M15 3 1 3 1 1.020 0.4071 0.3745 
M16 3 1 5 1 1.218 0.4104 0.3969 
M17 3 1 1 0 1.031 0.3842 0.3592 
Ml 8 3 1 1 1 1.094 0.4059 0.3764 
M19 3 1 4 1 1.043 0.4077 0.3758 
M25 1 1 3 1 1.021 0.3999 0.3704 
M26 1 1 1 1 1.222 0.4254 0.4178 
M27 1 1 1 0 1.166 0.4434 0.4131 
M28 1 1 4 1 1.049 0.3987 0.3643 
M31 2 1 4 1 1.097 0.4420 0.4101 
M32 2 1 2 1 1.257 0.4466 0.4347 
M33 2 1 1 1 1.072 0.3924 0.3651 
M34 2 1 1 0 1.188 0.4483 0.4270 
M35 2 1 3 1 1.063 0.4127 0.3834 
0.2995 
0.3006 
0.2760 
0.2852 
0.3205 
0.2953 
0.2700 
0.2999 
0.2842 
0.2894 
0.2992 
0.2889 
0.3149 
0.2884 
0.3142 
0.2982 
0.2905 
0.2701 
0.2852 
0.3092 
0.2904 
0.2663 
0.2957 
0.2824 
0.2865 
0.2910 
0.2841 
0.3034 
0.2877 
0.3002 
0.2981 
0.2848 
0.2699 
0.2852 
0.3029 
0.2901 
0.2658 
0.2955 
0.2821 
0.2864 
0.2889 
0.2837 
0.2991 
0.2875 
0.2934 
0.2981 
0.2771 
0.2693 
0.2798 
0.2972 
0.2817 
0.2633 
0.2869 
0.2821 
0.2812 
0.2794 
0.2760 
0.2913 
0.2875 
0.2803 
0.2981 
0.2757 
0.2693 
0.2784 
0.2966 
0.2774 
0.2633 
0.2806 
0.2697 
0.2801 
0.2774 
0.2756 
0.2888 
0.2875 
0.2718 
WAT50 
0.3940 
0.4217 
0.3337 
0.3509 
0.3039 
0.3537 
0.3367 
0.3499 
0.3778 
0.3361 
0.3487 
0.3504 
0.3399 
0.4029 
0.3852 
0.3336 
0.3708 
0.4094 
0.3395 
0.3915 
0.3555 
WATIOO 
0.3852 
0.4138 
0.3147 
0.3322 
0.2866 
0.3375 
0.3223 
0.3337 
0.3685 
0.3172 
0.3278 
0.3296 
0.3155 
0.3871 
0.3666 
0.3126 
0.3470 
0.3940 
0.3198 
0.3637 
0.3349 
WAT200 
0.3808 
0.4050 
0.3013 
0.3194 
0.2760 
0.3281 
0.3151 
0.3234 
0.3605 
0.3023 
0.3147 
0.3130 
0.3002 
0.3731 
0.3543 
0.2981 
0.3255 
0.3807 
0.3056 
0.3473 
0.3216 
WAT400 
0.3783 
0.3993 
0.2929 
0.3111 
0.2691 
0.3229 
0.3101 
0.3149 
0.3547 
0.2887 
0.3041 
0.2991 
0.2869 
0.3605 
0.3427 
0.2859 
0.3085 
0.3692 
0.2949 
0.3352 
0.3158 
M36 2 1 5 1 1.204 0.4254 0.4187 
M37 2 1 2 0 1.066 0.3819 0.3607 
M43 1 1 5 1 1.127 0.3850 0.3648 
M44 1 1 2 0 1.125 0.3774 0.3586 
M45 1 1 2 1 1.192 0.4252 0.4080 
M5 4 1 1 1 1.050 0.3969 0.3624 
M6 4 1 1 0 0.991 0.4156 0.3782 
M7 4 1 2 0 1.159 0.3572 0.3514 
M8 4 1 3 1 1.066 0.4178 0.3866 
SUTHERLAND ROTATION, REP2, 11-90 
RING BLK REP ROT FRT BD WAT12.5 WAT25 
L33 1 2 7 0 1.072 0.5022 0.4661 
L37 3 2 1 1 1.090 0.4812 0.4298 
L38 3 2 3 1 1.261 0.4568 0.4335 
L39 3 2 2 1 1.128 0.4976 0.4266 
L44 1 2 6 0 1.097 0.5419 0.4893 
L89 3 2 5 1 1.226 0.4727 0.4468 
L90 3 2 4 1 1.303 0.4521 0.4412 
L94 4 2 2 0 1.115 0.4399 0.4013 
L95 4 2 5 1 1.179 0.4510 0.4216 
L96 4 2 1 1 1.016 0.4941 0.4152 
Ml 4 2 4 1 1.237 0.4525 0.4424 
MIO 3 2 1 0 1.061 0.4381 0.3921 
Mil 2 2 2 1 1.128 0.4851 0.4318 
M12 2 2 5 1 1.086 0.4940 0.4408 
M2 4 2 1 0 1.003 0.4409 0.3813 
M20 2 2 4 1 1.157 0.4886 0.4309 
M21 2 2 3 1 1.078 0.4240 0.3746 
M22 2 2 2 0 1.258 0.4662 0.4394 
M23 2 2 1 0 1.169 0.4024 0.3788 
M24 2 2 1 1 1.037 0.4823 0.4022 
M29 1 2 2 1 1.088 0.4431 0.4102 
M3 4 2 3 1 1.102 0.4605 0.4197 
M30 1 2 1 1 1.005 0.4559 0.3900 
M38 1 2 1 0 1.063 0.4566 0.3915 
0.3936 
0.3406 
0.3482 
0.3396 
0.3880 
0.3373 
0.3470 
0.3423 
0.3618 
WAT50 
0.4376 
0.3845 
0.4145 
0.3884 
0.4552 
0.4233 
0.4216 
0.3705 
0.4024 
0.3660 
0.4296 
0.3648 
0.3932 
0.4074 
0.3473 
0.3929 
0.3482 
0.4121 
0.3656 
0.3558 
0.3837 
0.3900 
0.3510 
0.3583 
0.3771 
0.3252 
0.3344 
0.3228 
0.3732 
0.3193 
0.3231 
0.3310 
0.3456 
WATIOO 
0.4202 
0.3552 
0.3952 
0.3653 
0.4351 
0.4082 
0.4066 
0.3488 
0.3910 
0.3345 
0.4144 
0.3458 
0.3678 
0.3851 
0.3248 
0.3715 
0.3285 
0.3939 
0.3515 
0.3284 
0.3614 
0.3665 
0.3264 
0.3368 
0.3644 
0.3146 
0.3241 
0.3114 
0.3582 
0.3067 
0.3068 
0.3227 
0.3319 
WAT200 
0.4099 
0.3369 
0.3795 
0.3490 
0.4196 
0.3956 
0.3973 
0.3323 
0.3818 
0.3096 
0.3999 
0.3294 
0.3491 
0.3678 
0.3078 
0.3552 
0.3137 
0.3796 
0.3406 
0.3102 
0.3434 
0.3535 
0.3096 
0.3217 
0.3543 
0.3081 
0.3171 
0.3048 
0.3469 
0.2964 
0.2929 
0.3171 
0.3202 
WAT400 
0.3983 
0.3188 
0.3606 
0.3321 
0.4024 
0.3800 
0.3833 
0.3151 
0.3711 
0.2869 
0.3813 
0.3126 
0.3302 
0.3496 
0.2906 
0.3390 
0.3015 
0.3621 
0.3267 
0.2984 
0.3231 
0.3354 
0.2915 
0.3079 
M39 1 2 2 0 1.300 0.4641 0.4403 
M4 4 2 2 1 1.020 0.5004 0.4432 
M40 1 2 3 1 1.161 0.4723 0.4200 
M41 1 2 5 1 1.1S8 0.5079 0.4466 
M42 1 2 4 1 1.137 0.5126 0.4473 
M9 3 2 2 0 1.004 0.4579 0.3877 
Water Desorption, GPRC, 6-91 
RING BLK REP ROT FRT ED watS.4 WAT12.5 
L46 1 2 4 1 1.49 0.3825 0.3825 
L47 2 1 4 1 1.20 0.4497 0.4330 
L48 1 1 5 1 1.44 0.3807 0.3807 
LSI 2 1 2 1 1.39 0.4065 0.4065 
LS2 1 1 4 1 1.3S 0.4355 0.4354 
LS3 1 2 2 1 1.27 0.4209 0.4138 
L54 1 2 1 0 1.37 0.3544 0.3544 
LSS 1 1 7 0 1.24 0.4261 0.4238 
LS7 1 2 1 1 1.27 0.4632 0.4508 
L60 2 1 1 1 1.34 0.4278 0.4254 
L61 1 1 1 0 1.42 0.3579 0.3579 
L62 1 2 7 0 1.19 0.4434 0.4422 
L63 1 1 2 0 1.48 0.3610 0.3610 
L6S 2 1 2 0 1.38 0.4051 0.4046 
L68 2 1 1 0 1.41 0.3673 0.3669 
L74 1 1 1 1 1.26 0.3923 0.3923 
L78 1 1 2 1 1.42 0.3741 0.3741 
L79 2 1 3 1 1.31 0.4237 0.4237 
L80 1 2 3 1 1.46 0.3814 0.3814 
L81 2 1 5 1 1.22 0.4407 0.4407 
L84 1 2 2 0 1.47 0.3768 0.3768 
L85 1 2 6 0 1.16 0.4444 0.4362 
L87 1 2 5 1 1.47 0.3516 0.3516 
L88 1 1 6 0 1.09 0.4554 0.4547 
M8 1 1 3 1 1.49 0.3688 0.3688 
0. 4207 0. 3982 0. 3801 0. 3597 
0. 3939 0. 3568 0. 3288 0. 3014 
0. 3899 0. 3690 0. 3514 0. 3358 
0. 4063 0. 3861 0. 3699 0. 3549 
0. 4059 0. 3814 0. 3646 0. 3467 
0. 3499 0. 3260 0. 3092 0. 2910 
WAT25 WAT52 WATIOO WAT200 WAT400 
0. 3825 0. 3825 0. 3825 0. 3825 0. 3795 
0. 4012 0. 3857 0. 3807 0. 3704 0. 3612 
0. 3807 0. 3807 0. 3807 0. 3807 0. 3807 
0. 4065 0. 4046 0. 4012 0. 3921 0. 3827 
0. 4145 0. 3917 0. 3766 0. 3603 0. 3399 
0. 3980 0. 3784 0. 3611 0. 3456 0. 3330 
0. 3466 0. 3433 0. 3420 0. 3345 0. 3286 
0. 4166 0. 4040 0. 3898 0. 3812 0. 3706 
0. 4421 0. 4315 0. 4211 0. 4093 0. 3985 
0. 4240 0. 4219 0. 4187 0. 4071 0. 3940 
0. 3579 0. 3579 0. 3579 0. 3512 0. 3410 
0. 4200 0. 3961 0. 3855 0. 3741 0. 3623 
0. 3610 0. 3610 0. 3610 0. 3610 0. 3610 
0. 3981 0. 3851 0. 3750 0. 3648 0. 3568 
0. 3657 0. 3629 0. 3614 0. 3580 0. 3491 
0. 3841 0. 3706 0. 3617 0. 3469 0. 3327 
0. 3741 0. 3741 0. 3722 0. 3640 0. 3600 
0. 4237 0. 4157 0. 4111 0. 3987 0. 3911 
0. 3814 0. 3814 0. 3801 0. 3726 0. 3655 
0. 4060 0. 3718 0. 3578 0. 3425 0. 3292 
0. 3768 0. 3768 0. 3768 0. 3768 0. 3732 
0. 3970 0. 3581 0. 3410 0. 3246 0. 3105 
0. 3516 0. 3516 0. 3516 0. 3516 0. 3516 
0. 4173 0. 3847 0. 3685 0. 3501 0. 3335 
0. 3688 0. 3688 0. 3688 0. 3688 0. 3658 
Water Desorption, GPRC, 8-91 
RING BLK REP ROT FRT BD wat9.3 WAT14.3 
L12 1 2 1 0 1 . 1 3  0 . 3 6 4 4  0 . 3 4 0 4  
L17 1 1 1 0 1 . 1 2  0 . 3 5 0 2  0 . 3 5 0 2  
L44 1 1 5 1 1 . 3 3  0 . 3 9 0 9  0 . 3 9 0 5  
L49 2 1 2 1 1 . 0 6  0 . 4 3 8 4  0 . 4 1 5 9  
L50 1 1 2 0 1 . 1 3  0 . 4 0 2 6  0 . 3 7 5 0  
L56 1  2  6  0  0 . 9 9  0 . 3 6 5 9  0 . 3 4 5 7  
L58 1  2  2  1  1 . 1 1  0 . 3 0 8 0  0 . 2 9 1 4  
L59 1  1  3  1  1 . 1 8  0 . 3 0 2 6  0 . 2 9 3 9  
L64 2  1  2  0  1 .  0 8  0 . 3 2 2 8  0 . 2 9 1 6  
L66 1  2  3  1  1 . 1 1  0 . 3 9 2 7  0 . 3 6 2 1  
L67 1  1  4  1  1 . 1 6  0 . 3 6 5 0  0 . 3 5 5 8  
L69 1  1  7  0  1 . 1 1  0 . 3 4 2 8  0 . 3 3 7 9  
L70 2  1  3  1  1 . 1 0  0 . 3 1 7 4  0 . 3 0 4 2  
L71 1  2  1  1  1 . 1 9  0 . 3 2 2 4  0 . 3 2 2 4  
L73 1  1  6  0  0 . 9 8  0 . 3 9 7 8  0 . 3 7 2 7  
L75 1  2  7  0  1 . 0 5  0 . 3 7 7 2  0 . 3 5 8 2  
L76 1  2  4  1  1 . 2 0  0 . 3 2 0 7  0 . 3 2 0 7  
L77 1  2  2  0  1 . 1 3  0 . 2 8 6 2  0 . 2 7 3 3  
L 8  1  1  1  1  1 . 0 8  0 . 4 4 2 9  0 . 4 1 0 2  
L82 2  1  1  1  1 . 1 5  0 . 3 0 6 3  0 . 3 0 6 3  
L83 2  1  1  0  1 . 0 6  0 . 2 7 4 3  0 . 2 5 6 2  
L86 1  1  2  1  1 . 0 9  0 . 4 3 9 4  0 . 4 1 1 0  
L89 1  2  5  1  1 . 2 5  0 . 3 1 7 4  0 . 3 1 7 4  
L90 2  1  4  1  1 . 0 5  0 . 5 0 3 5  0 . 4 5 5 9  
L91 2  1  5  1  1 . 0 7  0 . 2 9 4 0  0 . 2 9 4 0  
WAT25 
0 . 3 2 1 6  
0 . 3 0 2 3  
0 . 3 9 0 5  
0 . 3 8 4 9  
0 . 3 5 0 5  
0 . 3 1 8 5  
0.2681 
0 . 2 9 3 9  
0 . 2 6 8 4  
0 . 3 3 7 3  
0 . 3 4 7 3  
0 . 3 3 7 9  
0 . 3 0 0 4  
0 . 3 2 2 4  
0 . 3 4 7 9  
0 . 3 4 2 4  
0 . 3 2 0 7  
0 . 2 7 2 6  
0 . 3 8 1 6  
0 . 2 9 8 9  
0 . 2 5 1 5  
0 . 3 7 9 1  
0 . 3 1 7 4  
0 . 4 1 0 5  
0 . 2 7 5 8  
WAT50 
0 . 3 0 7 8  
0 . 2 9 5 0  
0 . 3 8 9 0  
0 . 3 6 2 5  
0 . 3 3 3 8  
0 . 3 0 7 8  
0 . 2 6 1 3  
0 . 2 9 3 9  
0 . 2 6 0 5  
0 . 3 2 3 5  
0 . 3 3 7 8  
0 . 3 3 7 9  
0 . 3 0 0 3  
0 . 3 2 2 4  
0 . 3 3 7 6  
0 . 3 3 9 1  
0 . 3 2 0 7  
0 . 2 7 2 5  
0 . 3 6 2 0  
0 . 2 9 8 9  
0 . 2 5 1 4  
0 . 3 5 8 8  
0 . 3 1 7 4  
0 . 3 8 6 5  
0 . 2 7 5 6  
WATIOO 
0 . 3 0 7 6  
0 . 2 9 4 8  
0 . 3 8 9 0  
0 . 3 5 2 5  
0 . 3 2 8 9  
0 . 3 0 7 6  
0 . 2 6 1 1  
0 . 2 9 3 8  
0 . 2 6 0 3  
0 . 3 2 3 3  
0 . 3 3 7 7  
0 . 3 3 7 9  
0 . 3 0 0 3  
0 . 3 2 2 4  
0 . 3 3 7 4  
0 . 3 3 9 0  
0 . 3 2 0 7  
0 . 2 7 2 5  
0 . 3 4 9 9  
0 . 2 9 8 9  
0 . 2 5 1 3  
0 . 3 4 3 0  
0 . 3 1 7 4  
0 . 3 6 9 8  
0 . 2 7 5 6  
WAT200 
0 . 3 0 7 5  
0 . 2 9 4 7  
0 . 3 8 5 7  
0 . 3 3 1 8  
0 . 3 1 6 9  
0 . 3 0 7 5  
0 . 2 6 1 0  
0 . 2 9 3 8  
0 . 2 6 0 1  
0 . 3 2 3 1  
0 . 3 3 7 7  
0 . 3 3 7 9  
0 . 3 0 0 2  
0 . 3 2 2 4  
0 . 3 3 7 3  
0 . 3 3 8 9  
0 . 3 2 0 7  
0 . 2 7 2 5  
0 . 3 3 4 7  
0 . 2 9 8 9  
0 . 2 5 1 3  
0 . 3 2 4 3  
0 . 3 1 7 4  
0 . 3 4 5 2  
0 . 2 7 5 5  
WAT400 
0 . 3 0 4 0  
0 . 2 9 4 6  
0 . 3 7 8 2  
0 . 3 0 8 2  
0 . 3 0 1 4  
0 . 3 0 7 3  
0 . 2 6 0 9  
0 . 2 9 3 8  
0 . 2 6 0 0  
0 . 3 1 3 1  
0 . 3 3 7 6  
0 . 3 3 7 8  
0 . 3 0 0 2  
0 . 3 2 2 4  
0 . 3 3 7 1  
0 .  3 3 8 8  
0 . 3 2 0 7  
0 . 2 7 2 4  
0 . 3 1 5 4  
0 . 2 9 8 8  
0 . 2 5 1 2  
0 . 3 0 7 1  
0 . 3 1 7 4  
0 . 3 1 8 0  
0 . 2 7 5 5  
Water Desorption, GPRC, 
RING BLK REP ROT FRT BD 
L30 1 1 4 1 1 
L37 1 2 5 1 1 
L46 2 1 1 0 1 
L47 1 2 1 0 1 
L51 1 1 3 1 1 
L52 1 1 5 1 1 
L53 1 2 2 0 1 
L54 2 1 2 0 1 
L55 2 1 4 1 1 
L57 2 1 3 1 1 
L60 1 1 7 0 1 
L61 1 2 7 0 1 
L62 1 1 6 0 0 
L63 2 1 5 1 1 
L65 2 1 2 1 1 
L68 1 2 6 0 1 
L74 1 1 1 1 1 
L78 1 1 2 1 1 
L79 1 1 1 0 1 
L80 1 2 2 1 1 
L81 1 2 3 1 1 
L84 1 1 2 0 1 
L85 1 2 1 1 1 
L87 1 2 4 1 1 
L88 2 1 1 1 1 
-91 
WAT15 WAT31 WAT50 
0.  3967 0.  3685 0.  3487 
0.  4238 0.  4035 0.  3825 
0.  3715 0.  3715 0.  3715 
0.  4059 0.  3661 0.  3453 
0.  3493 0.  3195 0.  3082 
0.  4245 0.  4178 0.  4081 
0.  4165 0.  3678 0.  3464 
0.  4426 0.  3880 0.  3643 
0.  4395 0.  3890 0.  3675 
0.  4281 0.  4178 0.  4018 
0.  3846 0.  3801 0.  3801 
0.  4128 0.  4020 0.  3950 
0.  4956 0.  4223 0.  3888 
0.  4205 0.  3991 0.  3820 
0.  3907 0.  3804 0.  3695 
0.  4995 0.  4500 0.  4156 
0.  3560 0.  3452 0.  3421 
0.  4294 0.  3825 0.  3580 
0.  4183 0.  3840 0.  3657 
0.  3834 0.  3520 0.  3370 
0.  3560 0.  3560 0.  3560 
0.  3670 0.  3419 0.  3326 
0.  3531 0.  3308 0.  3224 
0.  4433 0.  4060 0.  3812 
0.  4540 0.  4165 0.  3953 
10' 
04 
10 
32 
14 
18 
32 
10 
15 
09 
33 
11 
09 
98 
19 
25 
03 
17 
10 
18 
06 
18 
22 
06 
08 
22 
WAT75 WATIOO WAT150 WAT200 WAT300 WAT500 
0.  3379 0.  3283 0.  3197 0.  3197 0.  3197 0.  3144 
0.  3695 0.  3595 0.  3515 0.  3515 0.  3515 0.  3446 
0.  3715 0.  3715 0.  3715 0.  3715 0.  3715 0.  3663 
0.  3355 0.  3290 0.  3240 0.  3240 0.  3240 0.  3202 
0.  3084 0.  3087 0.  3091 0.  3091 0.  3091 0.  3090 
0.  4014 0.  3955 0.  3923 0.  3923 0.  3923 0.  3826 
0.  3365 0.  3284 0.  3238 0.  3238 0.  3238 0.  3162 
0.  3525 0.  3418 0.  3342 0.  3342 0.  3342 0.  3249 
0.  3596 0.  3528 0.  3477 0.  3477 0.  3477 0.  3361 
0.  3955 0.  3902 0.  3864 0.  3864 0.  3864 0,  3822 
0.  3802 0.  3803 0.  3803 0.  3803 0.  3803 0.  3709 
0.  3951 0.  3953 0.  3955 0.  3955 0.  3955 0.  3882 
0.  3751 0.  3670 0.  3637 0.  3637 0.  3637 0.  3531 
0.  3736 0.  3694 0.  3657 0.  3657 0.  3657 0.  3571 
0.  3664 0.  3665 0.  3665 0.  3660 0.  3660 0.  3536 
0.  3979 0.  3866 0.  3791 0.  3791 0.  3791 0.  3655 
0.  3422 0.  3423 0.  3423 0.  3423 0.  3423 0.  3376 
0.  3457 0.  3367 0.  3291 0.  3291 0.  3291 0.  3196 
0.  3591 0.  3565 0.  3542 0.  3542 0.  3542 0.  3388 
0.  3334 0.  3339 0.  3339 0.  3339 0.  3339 0.  3226 
0.  3560 0.  3560 0.  3560 0.  3560 0.  3560 0.  3434 
0.  3328 0.  3330 0.  3330 0.  3330 0.  3330 0,  3221 
0.  3226 0.  3228 0.  3228 0.  3228 0.  3228 0.  3172 
0.  3679 0.  3591 0.  3506 0.  3506 0.  3506 0.  3417 
0.  3853 0.  3770 0.  3703 0.  3703 0.  3703 0.  3578 
159 
Saturated hydraulic conductivity,  3 measurements on each sample 
BLK REP ROT FRT Ksat 1 1 4  2 5 1 111.34 
2 1 3 1 91.00 1 1 4  2 5 1 117.99 
2 1 3 1 92.36 1 1 4  2 5 1 115.12 
2 1 3 1 97.23 1 1 4  1 1 0 20.48 
1 1 4 1 204.84 1 1 4  1 1 0 20.98 
1 1 4 1 209.35 1 1 4  1 1 0 22.11 
1 1 4 1 218.55 1 1 4  2 1 1 202.90 
3 1 3 1 350.51 1 1 4  2 1 1 200.56 
3 1 3 1 362.62 1 1 4  2 1 1 200.77 
3 1 3 1 355.22 1 1 4  2 1 0 419.47 
3 1 4 1 20.77 1 1 4  2 1 0 365.16 
3 1 4 1 21.54 1 1 4  2 1 0 349.73 
3 1 4 1 19.72 1 1 1  2 1 1 293.00 
3 1 1 1 289.56 1 1 1  2 1 1 296.47 
3 1 1 1 275.89 1 1 1  2 1 1 272.36 
3 1 1 1 281.44 1 1 1  1 5 1 180.83 
1 1 1 0 346.23 1 1 1  1 5 1 132.95 
1 1 1 0 351.27 1 1 1  1 5 1 130.81 
1 1 1 0 377.77 1 1 2  2 1 0 378.29 
2 1 1 0 396.32 1 1 2  2 1 0 375.63 
2 1 1 0 392.39 1 1 2  2 1 0 148.89 
2 1 1 0 402.40 1 1 2  2 4 1 0.30 
2 1 4 1 43.01 1 1 2  2 4 1 0.32 
2 1 4 1 44.87 1 1 2  2 4 1 0.42 
2 1 4 1 43.69 1 1 2  2 5 1 17.75 
3 1 1 0 216.11 1 1 2  2 5 1 18.88 
3 1 1 0 197.85 1 1 2  2 5 1 15.06 
3 1 1 0 209.18 1 1 1  1 3 1 121.91 
2 1 1 1 90.04 1 1 1  1 3 1 122.30 
2 1 1 1 85.83 1 1 1  1 3 1 123.11 
2 1 1 1 244.03 1 1 2  2 1 1 13.82 
2 1 5 1 0.09 1 1 2  2 1 1 14.66 
2 1 5 1 0.11 1 1 2  2 1 1 12.25 
2 1 5 1 0.10 1 1 3  2 4 1 116.29 
1 2 1 0 130.55 1 1 3  2 4 1 119.05 
1 2 1 0 144.18 1 1 3  2 4 1 124.38 
1 2 1 0 134.18 1 1 3  2 1 1 80.70 
3 1 5 1 0.48 1 1 3  2 1 1 156.07 
3 1 5 1 0.51 1 1 3  2 1 1 84.10 
3 1 5 1 0.51 1 1 3  2 5 1 2.12 
4 1 3 1 74.64 1 1 3  2 5 1 2.23 
4 1 3 1 76,20 1 1 3  2 5 1 2.08 
4 1 3 1 72.05 1 1 1  2 5 1 243.85 
4 1 4 1 195.39 1 1 1  2 5 1 177.27 
4 1 4 1 198.09 1 1 1  2 5 1 185.13 
4 1 4 1 191.72 1 1 3  2 1 0 124.39 
4 1 1 1 46.21 1 1 3  2 1 0 119.71 
4 1 1 1 53.39 1 1 3  2 1 0 127.60 
4 1 1 1 45.00 1 1 4  2 3 1 4.99 
4 2 4 1 179.84 1 1 4  2 3 1 6.57 
4 2 4 1 181.04 1 1 4  2 3 1 6.46 
4 2 4 1 177.64 1 1 3  2 3 1 152.29 
1 2 3 1 233.20 1 1 3  2 3 1 157.56 
1 2 3 1 231,37 1 1 3  2 3 1 155.62 
1 2 3 1 238.79 1 1 2  2 3 1 58.89 
4 1 5 1 142.70 1 1 2  2 3 1 58.12 
4 1 5 1 140.02 1 1 2  2 3 1 61.40 
4 1 5 1 142.32 1 1 1  2 4 1 262.15 
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2 4 1 129.G1 1 2 1 1 3 1 63 
2 4 1 14G.70 1 2 1 1 3 1 69 
2 6 0 463.13 1 2 2 2 5 1 269 
2 6 0 460.54 1 2 2 2 5 1 294 
2 6 0 480.12 1 2 2 2 5 1 319 
1 6 0 427.74 1 2 1 1 5 1 317 
1 6 0 565.56 1 2 1 1 5 1 331 
1 6 0 561.71 1 2 1 1 5 1 324 
1 1 1 47.66 1 2 1 1 1 1 8 
1 1 1 48.24 1 2 1 1 1 1 8 
1 1 1 48.39 1 2 1 1 1 1 10 
2 1 0 0.38 1 2 2 2 1 0 65 
2 1 0 0.35 1 2 2 2 1 0 64 
2 1 0 0.32 1 2 2 2 1 0 67 
3 2 4 1 16.12 1 2 4 2 1 0 46 
3 2 4 1 17.22 1 2 4 2 1 0 47 
3 2 4 1 17.92 1 2 4 2 1 0 46 
1 6 0 214.96 1 2 4 2 1 1 142 
1 6 G 223.65 1 2 4 2 1 1 145 
1 6 G 21G.G6 1 2 4 2 1 1 151 
2 6 0 174.29 1 2 4 1 5 1 132 
2 6 G 159,55 1 2 4 1 5 1 118 
2 6 G 169.18 1 2 4 1 5 1 122 
4 2 3 1 G,17 1 2 4 2 4 1 9 
4 2 3 1 G.18 1 2 4 2 4 1 9 
4 2 3 1 G.18 1 2 4 2 4 1 9 
2 2 1 1 174.39 1 2 4 1 1 1 4 
2 2 1 1 182.21 1 2 4 1 1 1 4 
2 2 1 1 198.48 1 2 4 1 1 1 4 
3 2 1 0 46.67 1 2 4 2 5 1 135 
3 2 1 0 47.51 1 2 4 2 5 1 165 
3 2 1 0 46.43 1 2 4 2 5 1 146 
3 2 1 1 4.69 1 2 4 1 3 1 123 
3 2 1 1 4.08 1 2 4 1 3 1 119 
3 2 1 1 4,19 1 2 4 1 3 1 116 
2 4 1 0.46 1 2 2 1 5 1 339 
2 4 1 G.59 1 2 2 1 5 1 326 
2 4 1 0.57 1 2 2 1 5 1 260 
2 5 1 369.79 1 2 4 1 1 0 145 
2 5 1 435.28 1 2 4 1 1 0 155 
2 5 1 408.60 1 2 4 1 1 0 148 
3 2 5 1 5.09 1 2 4 1 4 1 4 
3 2 5 1 4.81 1 2 4 1 4 1 3 
3 2 5 1 4,51 1 2 4 1 4 1 3 
2 1 1 53.27 1 2 1 1 1 0 288 
2 1 1 52.53 1 2 1 1 1 0 466 
2 1 1 52.89 1 2 1 1 1 0 252 
2 3 1 45. 55 1 2 3 1 4 1 57 
2 3 1 42.57 1 2 3 1 4 1 52 
2 3 1 43.97 1 2 3 1 4 1 66 
3 2 3 1 138.86 1 2 1 1 4 1 109 
3 2 3 1 140.45 1 2 1 1 4 1 114 
3 2 3 1 128.71 1 2 1 1 4 1 111 
2 2 3 1 0.56 1 2 3 1 1 1 95 
2 2 3 1 0.47 1 2 3 1 1 1 103 
2 2 3 1 0.53 1 2 3 1 1 1 88 
2 2 4 1 6.05 1 2 3 1 1 0 0 
2 2 4 1 6.03 1 2 3 1 1 0 0 
2 2 4 1 5.49 1 2 3 1 1 0 0 
1 1 3 1 67.39 1 2 3 1 3 1 4 
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3 1 3 1 4.13 1 3 3 2 1 0 84 
3 1 3 1 4.36 1 3 3 2 1 0 83 
3 1 5 1 0.20 1 3 2 2 3 1 6 
3 1 5 1 0.22 1 3 2 2 3 1 6 
3 1 5 1 G. 19 1 3 2 2 3 1 6 
2 1 4 1 G.16 1 3 4 2 1 1 1 
2 1 4 1 G. 12 1 3 4 2 1 1 1 
2 1 4 1 G. 10 1 3 4 2 1 1 1 
2 1 1 1 1.3G 1 3 4 2 4 1 159 
2 1 1 1 1.32 1 3 4 2 4 1 161 
2 1 1 1 1.33 1 3 4 2 4 1 156 
2 1 1 0 54.58 1 3 4 2 1 0 12 
2 1 1 0 6G.18 1 3 4 2 1 0 12 
2 1 1 0 57.05 1 3 4 2 1 0 12 
2 1 3 1 149.17 1 3 1 1 5 1 87 
2 1 3 1 143.92 1 3 1 1 5 1 85 
2 1 3 1 138.64 1 3 1 1 5 1 87 
1 2 3 1 G. 66 1 3 1 1 3 1 7 
1 2 3 1 G. 60 1 3 1 1 3 1 7 
1 2 3 1 G.61 1 3 1 1 3 1 7 
2 1 5 1 G.61 1 3 2 2 1 0 300 
2 1 5 1 0.62 1 3 2 2 1 0 296 
2 1 5 1 G. 62 1 3 2 2 1 0 304 
1 2 5 1 33.57 1 3 4 2 5 1 17 
1 2 5 1 35.75 1 3 4 2 5 1 18 
1 2 5 1 32.66 1 3 4 2 5 1 18 
3 2 4 1 51.12 1 3 1 1 6 0 59 
3 2 4 1 50.41 1 3 1 1 6 0 58 
3 2 4 1 50.42 1 3 1 1 6 0 57 
4 2 3 1 54.38 1 3 2 2 1 1 9 
4 2 3 1 53.65 1 3 2 2 1 1 8 
4 2 3 1 54.19 1 3 2 2 1 1 8 
1 2 6 0 22.14 1 3 4 1 1 1 52 
1 2 6 G 22.08 1 3 4 1 1 1 49 
1 2 6 G 21.92 1 3 4 1 1 1 50 
3 2 5 1 2.23 1 3 4 1 4 1 91 
3 2 5 1 2.18 1 3 4 1 4 1 87 
3 2 5 1 2.18 1 3 4 1 4 1 94 
2 2 5 1 5.03 1 3 4 1 3 1 5 
2 2 5 1 5.01 1 3 4 1 3 1 4 
2 2 5 1 4.75 1 3 4 1 3 1 4 
3 2 3 1 1.77 1 3 1 2 4 1 62 
3 2 3 1 1.74 1 3 1 2 4 1 62 
3 2 3 1 1.78 1 3 1 2 4 1 61 
2 2 4 1 20.16 1 3 4 1 1 0 0 
2 2 4 1 21.57 1 3 4 1 1 0 0 
2 2 4 1 20.82 1 3 4 1 1 0 0 
2 1 1 55.59 1 3 3 1 3 1 26 
2 1 1 50.72 1 3 3 1 3 1 25 
2 1 1 54.36 1 3 3 1 3 1 26 
1 1 1 197.68 1 3 1 1 1 0 37 
1 1 1 190.97 1 3 1 1 1 0 37 
1 1 1 188.69 1 3 1 1 1 0 36 
4 1 5 1 3.42 1 3 3 1 1 0 0 
4 1 5 1 3.56 1 3 3 1 1 0 0 
4 1 5 1 3.50 1 3 3 1 1 0 0 
3 2 1 1 73.26 1 3 3 1 4 1 31 
3 2 1 1 70.26 1 3 3 1 4 1 31 
3 2 1 1 70.91 1 3 3 1 4 1 32 
3 2 1 0 83.05 1 3 2 1 1 1 2 
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3 2 1 1 1 3.43 1 4 3 1 1 0 401.34 
3 2 1 1 1 3.25 1 4 3 1 1 0 468.01 
3 3 1 5 1 2.39 1 4 4 2 3 1 365.10 
3 3 1 5 1 2.31 1 4 4 2 3 1 361.01 
3 3 1 5 1 2.40 1 4 4 2 3 1 365.05 
3 2 1 3 1 16.57 1 4 1 1 3 1 79.80 
3 2 1 3 1 15.68 1 4 1 1 3 1 78.72 
3 2 1 3 1 14.99 1 4 1 1 3 1 78.34 
3 2 1 4 1 1.22 1 4 4 2 5 1 5.96 
3 2 1 4 1 1.21 1 4 4 2 5 1 5.59 
3 2 1 4 1 1,21 1 4 4 2 5 1 6.38 
3 3 1 1 1 13.33 1 4 1 2 6 0 622.45 
3 3 1 1 1 13.42 1 4 1 2 6 0 619.20 
3 3 1 1 1 13.25 1 4 1 2 6 0 624.32 
3 1 1 4 1 0.44 1 4 2 2 4 1 226.38 
3 1 1 4 1 0.47 1 4 2 2 4 1 233.82 
3 1 1 4 1 0.45 1 4 2 2 4 1 234.86 
3 2 1 1 0 1.24 1 4 4 2 4 1 242.78 
3 2 1 1 0 1.17 1 4 4 2 4 1 237.05 
3 2 1 1 0 1,10 1 4 4 2 4 1 625.45 
3 1 2 1 0 1.26 1 4 2 2 5 1 299.77 
3 1 2 1 0 1.29 1 4 2 2 5 1 389.38 
3 1 2 1 0 1.37 1 4 2 2 5 1 322.03 
4 3 2 1 0 157.94 1 4 4 1 5 1 30.72 
4 3 2 1 0 162,23 1 4 4 1 5 1 28.97 
4 3 2 1 0 158,40 1 4 4 1 5 1 28.47 
4 4 2 1 0 174,28 1 4 1 2 3 1 409.04 
4 4 2 1 0 172,04 1 4 1 2 3 1 395.33 
4 4 2 1 0 175,95 1 4 1 2 3 1 394.35 
4 3 2 4 1 53,12 1 4 1 1 4 1 255.63 
4 3 2 4 1 53.88 1 4 1 1 4 1 244.30 
4 3 2 4 1 55.76 1 4 1 1 4 1 248.80 
4 2 2 1 1 67,47 1 4 1 1 1 1 325.19 
4 2 2 1 1 67,74 1 4 1 1 1 1 331.15 
4 2 2 1 1 65,94 1 4 1 1 1 1 339.42 
4 4 2 1 1 66,82 1 4 2 1 4 1 309.07 
4 4 2 1 1 66,53 1 4 2 1 4 1 306.63 
4 4 2 1 1 68,35 1 4 2 1 4 1 307.65 
4 3 2 5 1 56,10 1 4 2 1 1 0 282.13 
4 3 2 5 1 58,11 1 4 2 1 1 0 279.57 
4 3 2 5 1 54,45 1 4 2 1 1 0 273.47 
4 1 1 1 0 185,61 1 4 1 2 1 0 185.54 
4 1 1 1 0 184,93 1 4 1 2 1 0 183.76 
4 1 1 1 0 180.99 1 4 1 2 1 0 182.11 
4 1 2 1 1 216.84 1 4 2 1 5 1 80.84 
4 1 2 1 1 279.75 1 4 2 1 5 1 77.40 
4 1 2 1 1 231.05 1 4 2 1 5 1 74.29 
4 3 2 1 1 198.44 1 4 4 1 4 1 277.21 
4 3 2 1 1 201.07 1 4 4 1 4 1 269.64 
4 3 2 1 1 205.58 1 4 4 1 4 1 275.41 
4 1 2 5 1 1 4 2 1 3 1 330.72 
4 1 2 5 1 1 4 2 1 3 1 318.04 
4 1 2 5 1 1 4 2 1 3 1 315.78 
4 1 2 4 1 0,50 1 4 3 1 1 1 25.80 
4 1 2 4 1 0.47 1 4 3 1 1 1 25.03 
4 1 2 4 1 0,49 1 4 3 1 1 1 24.85 
4 1 1 6 0 562,38 1 4 2 2 3 1 166.52 
4 1 1 6 0 540,25 1 4 2 2 3 1 161.99 
4 1 1 6 0 568,71 1 4 2 2 3 1 163.65 
4 3 1 1 0 431,55 1 4 3 2 3 1 1.80 
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4 3 2 3 1 1.87 2 1 2 4 1 83.31 
4 3 2 3 1 1.77 2 1 2 4 1 92.67 
4 1 1 5 1 32.13 2 1 2 1 0 13.22 
4 1 1 5 1 31.74 2 1 2 1 0 15.87 
4 1 1 5 1 31.76 2 1 2 1 0 14.42 
4 3 1 5 1 123.71 2 2 2 4 1 132.04 
4 3 1 5 1 116.60 2 2 2 4 1 130.06 
4 3 1 5 1 115.45 2 2 2 4 1 121.99 
4 3 1 3 1 111.67 2 2 2 3 1 145.87 
4 3 1 3 1 111.69 2 2 2 3 1 133.65 
4 3 1 3 1 111.26 2 2 2 3 1 145.62 
4 2 1 1 1 316.35 2 1 1 3 1 62.78 
4 2 1 1 1 157.30 2 1 1 3 1 55.67 
4 2 1 1 1 326.34 2 1 1 3 1 57.73 
4 4 1 3 1 201.15 2 4 1 4 1 1.82 
4 4 1 3 1 200.36 2 4 1 4 1 2.90 
4 4 1 3 1 199.36 2 4 1 4 1 1.58 
4 4 1 1 1 7.63 2 1 1 1 1 90.02 
4 4 1 1 1 7.53 2 1 1 1 1 92.03 
4 4 1 1 1 7.36 2 1 1 1 1 92.14 
4 4 1 1 0 50.68 2 4 2 4 1 112.52 
4 4 1 1 0 49.11 2 4 2 4 1 181.82 
4 4 1 1 0 50.16 2 4 2 4 1 120.93 
4 2 2 1 0 468.72 2 2 3 4 1 152.33 
4 2 2 1 0 476.98 2 2 3 4 1 158.51 
4 2 2 1 0 488.36 2 2 3 4 1 176.28 
4 3 1 4 1 13.90 2 1 2 6 0 534.21 
4 3 1 4 1 11.09 2 1 2 6 0 467.76 
4 3 1 4 1 13.99 2 1 2 6 0 428.20 
1 3 2 1 46.84 2 1 3 4 1 39.11 
1 3 2 1 44.63 2 1 3 4 1 34.30 
1 3 2 1 50.81 2 1 3 4 1 35.12 
1 2 2 0 45.82 2 1 2 2 1 9.03 
1 2 2 0 42.11 2 1 2 2 1 8.97 
1 2 2 0 42.90 2 1 2 2 1 9.50 
1 3 1 0 96.21 2 1 1 4 1 55.14 
1 3 1 0 87.99 2 1 1 4 1 56.51 
1 3 1 0 90.30 2 1 1 4 1 61.49 
4 3 4 1 43.70 2 1 1 6 0 103.32 
4 3 4 1 43.38 2 1 1 6 0 138.37 
4 3 4 1 44.06 2 1 1 6 0 174.15 
1 3 1 1 73.67 2 1 2 3 1 129.70 
1 3 1 1 63.97 2 1 2 3 1 126.34 
1 3 1 1 60.18 2 1 2 3 1 141.06 
1 1 2 1 1.15 2 2 3 3 1 60.56 
1 1 2 1 1.21 2 2 3 3 1 66.09 
1 1 2 1 1.14 2 2 3 3 1 64.60 
3 3 4 1 7.62 2 1 3 6 0 196.54 
3 3 4 1 9.79 2 1 3 6 0 186.07 
3 3 4 1 9.05 2 1 3 6 0 189.92 
1 1 2 0 162.99 2 1 2 1 1 42.96 
1 1 2 0 172.01 2 1 2 1 1 39.87 
1 1 2 0 159.52 2 1 2 1 1 48.70 
1 1 1 0 224.09 2 3 1 4 1 46.32 
1 1 1 0 211.29 2 3 1 4 1 56.52 
1 1 1 0 227.87 2 3 1 4 1 50.60 
1 3 2 0 192.70 2 2 1  4 1 36.24 
1 3 2 0 208.09 2 2 1  4 1 43.92 
1 3 2 0 185.12 2 2 1 4 1 38.80 
1 2 4 1 95.50 2 3 2 4 1 21.02 
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3 2 4 1 21.12 2 2 1 2 2 0 46.14 
3 2 4 1 21.37 2 2 1 2 2 0 34.08 
1 3 3 1 120.14 2 2 1 1 4 1 42.80 
1 3 3 1 114.31 2 2 1 1 4 1 54.39 
1 3 3 1 130.45 2 2 1 1 4 1 50.86 
2 1 3 1 98.39 2 2 1 1 2 1 1.72 
2 1 3 1 81.23 2 2 1 1 2 1 0.53 
2 1 3 1 87.81 2 2 1 1 2 1 0.42 
2 1 3 2 1 9.61 2 2 1 2 1 1 22.78 
2 1 3 2 1 6.97 2 2 1 2 1 1 29.52 
2 1 3 2 1 5.97 2 2 1 2 1 1 24.60 
2 1 3 2 0 1.05 2 2 1 3 4 1 79.22 
2 1 3 2 0 0.40 2 2 1 3 4 1 86.03 
2 1 3 2 0 0.69 2 2 1 3 4 1 86.56 
2 1 2 4 1 99.55 2 2 2 3 3 1 19.62 
2 1 2 4 1 116.78 2 2 2 3 3 1 21.59 
2 1 2 4 1 104.10 2 2 2 3 3 1 19.84 
2 2 3 4 1 311.15 2 2 4 3 4 1 0.74 
2 2 3 4 1 339.65 2 2 4 3 4 1 0.77 
2 2 3 4 1 339.23 2 2 4 3 4 1 0.76 
2 1 3 1 0 10.01 2 2 2 1 3 1 41.94 
2 1 3 1 0 9.15 2 2 2 1  3 1 33.89 
2 1 3 1 0 8.28 2 2 2 1 3 1 47.44 
2 1 3 1 1 7.60 2 2 1 2 3 1 62.31 
2 1 3 1 1 9,58 2 2 1 2 3 1 60.49 
2 1 3 1 1 8,38 2 2 1 2 3 1 64.88 
2 3 3 4 1 9.61 2 2 4 2 4 1 0.14 
2 3 3 4 1 10.46 2 2 4 2 4 1 0.15 
2 3 3 4 1 9.07 2 2 4 2 4 1 0.14 
2 2 2 3 1 3.67 2 2 1 2 1 0 32.51 
2 2 2 3 1 2.77 2 2 1 2 1 0 34.85 
2 2 2 3 1 3.16 2 2 1 2 1 0 37.68 
2 3 2 4 1 77.75 2 2 1 2 6 0 100.34 
2 3 2 4 1 66.42 2 2 1 2 6 0 137.68 
2 3 2 4 1 69.35 2 2 1 2 6 0 110.08 
2 2 2 4 1 19.01 2 2 1 1 6 0 14.57 
2 2 2 4 1 14.46 2 2 1 1 • 6 0 13.18 
2 2 2 4 1 16,36 2 2 1 1 6 0 13.79 
2 1 1 3 1 32,00 2 2 1 1 1 1 119.87 
2 1 1 3 1 33,30 2 2 1 1 1 1 120.45 
2 1 1 3 1 33,71 2 2 1 1 1 1 131.11 
2 1 3 3 1 57,67 2 2 1 1 1 0 1.93 
2 1 3 3 1 39,67 2 2 1 1 1 0 2.02 
2 1 3 3 1 47,72 2 2 1 1 1 0 2.07 
2 3 1 4 1 61,16 2 2 1 3 6 0 197.54 
2 3 1 4 1 74,73 2 2 1 3 6 0 146.77 
2 3 1 4 1 89,21 2 2 1 3 6 0 241.60 
2 2 1 4 1 17,85 2 3 1 1 2 1 2.59 
2 2 1 4 1 17,15 2 3 1 1 2 1 2.10 
2 2 1 4 1 16,94 2 3 1 1 2 1 1.87 
2 1 1 2 0 6,98 2 3 1 2 2 0 3.95 
2 1 1 2 0 8.17 2 3 1 2 2 0 4.84 
2 1 1 2 0 5,99 2 3 1 2 2 0 4.75 
2 4 1 4 1 138,30 2 3 1 1 1 0 75.12 
2 4 1 4 1 203,92 2 3 1 1 1 0 79.35 
2 4 1 4 1 134,68 2 3 1 1 1 0 80.98 
2 1 2 2 1 1,26 2 3 1 2 1 0 13.43 
2 1 2 2 1 1.24 2 3 1 2 1 0 13.59 
2 1 2 2 1 0,88 2 3 1 2 1 0 13.96 
2 1 2 2 0 28.36 2 3 2 2 4 1 66.63 
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3 2 2 4 1 65.19 2 3 2 1 3 1 11.71 
3 2 2 4 1 61.59 2 3 2 1 3 1 11.59 
3 1 1 6 0 189.37 2 3 1 1 1 1 196.12 
3 1 1 6 0 177.23 2 3 1 1 1 1 189.29 
3 1 1 6 0 188.37 2 3 1 1 1 1 198.50 
3 3 2 4 1 2.69 2 3 2 3 3 1 112.45 
3 3 2 4 1 2.85 2 3 2 3 3 1 113.06 
3 3 2 4 1 2.77 2 3 2 3 3 1 110.29 
3 1 3 1 0 0.55 2 3 2 1 4 1 1.79 
3 1 3 1 0 0.39 2 3 2 1 4 1 1.73 
3 1 3 1 0 0.24 2 3 2 1 4 1 1.75 
3 4 1 4 1 3.82 2 3 1 3 6 0 183.23 
3 4 1 4 1 3.66 2 3 1 3 6 0 192.06 
3 4 1 4 1 3.84 2 3 1 3 6 0 181.04 
3 1 1 4 1 100.07 2 3 1 3 1 1 95.68 
3 1 1 4 1 98.22 2 3 1 3 1 1 96.29 
3 1 1 4 1 95.93 2 3 1 3 1 1 93.76 
3 2 3 4 1 1.63 2 3 1 2 2 1 13.05 
3 2 3 4 1 1.76 2 3 1 2 2 1 12.22 
3 2 3 4 1 1.82 2 3 1 2 2 1 11.82 
3 1 3 4 1 35.03 2 3 1 1 2 0 7.47 
3 1 3 4 1 34.12 2 3 1 1 2 0 7.79 
3 1 3 4 1 33.43 2 3 1 1 2 0 7.05 
3 1 3 2 0 15.25 2 3 1 2 3 1 21.26 
3 1 3 2 0 14.77 2 3 1 2 3 1 19.83 
3 1 3 2 0 13.85 2 3 1 2 3 1 23.07 
3 3 3 4 1 1.58 2 4 1 3 1 1 46.83 
3 3 3 4 1 1.45 2 4 1 3 1 1 45.72 
3 3 3 4 1 1.43 2 4 1 3 1 1 47.75 
3 3 1 4 1 5.04 2 4 1 1 4 1 127.21 
3 3 1 4 1 5.24 2 4 1 1 4 1 122.49 
3 3 1 4 1 5.15 2 4 1 1 4 1 127.72 
3 1 3 3 1 116.67 2 4 1 1 2 1 10.53 
3 1 3 3 1 111.97 2 4 1 1 2 1 10.59 
3 1 3 3 1 107.65 2 4 1 1 2 1 12.47 
3 2 2 3 1 44.25 2 4 2 3 4 1 87.45 
3 2 2 3 1 41.88 2 4 2 3 4 1 86.49 
3 2 2 3 1 42.31 2 4 2 3 4 1 93.94 
3 1 2 4 1 201.32 2 4 2 2 3 1 206.57 
3 1 2 4 1 199.69 2 4 2 2 3 1 199.59 
3 1 2 4 1 203.94 2 4 2 2 3 1 199.07 
3 1 1 3 1 113.14 2 4 1 2 2 0 45.38 
3 1 1 3 1 111.67 2 4 1 2 2 0 43.68 
3 1 1 3 1 113.73 2 4 1 2 2 0 48.77 
3 1 2 1 1 164.17 2 4 2 1 4 1 85.92 
3 1 2 1 1 174.69 2 4 2 1 4 1 129.20 
3 1 2 1 1 174.94 2 4 2 1 4 1 84.94 
3 1 2 6 0 125.83 2 4 1 1 1 0 155.28 
3 1 2 6 0 128.28 2 4 1 1 1 0 171.98 
3 1 2 6 0 123.89 2 4 1 1 1 G 163.76 
3 4 3 4 1 22.36 2 4 2 2 4 1 83.68 
3 4 3 4 1 21.15 2 4 2 2 4 1 85.55 
3 4 3 4 1 23.84 2 4 2 2 4 1 85.73 
3 1 3 2 1 5.74 2 4 1 1 2 0 54.41 
3 1 3 2 1 5.21 2 4 1 1 2 0 51.95 
3 1 3 2 1 5.18 2 4 1 1 2 0 54.37 
3 4 2 4 1 9.90 2 4 1 3 2 0 146.88 
3 4 2 4 1 10.14 2 4 1 3 2 0 146.91 
3 4 2 4 1 9.31 2 4 1 3 2 0 139.66 
3 2 1 3 1 11.92 2 4 1 3 3 1 0.95 
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4 1 3 3 1 1.00 2 4 4 3 4 1 40.57 
4 1 3 3 1 1.02 2 4 4 3 4 1 41.22 
4 4 1 4 1 172.65 2 4 1 1 3 1 57.07 
4 4 1 4 1 168.78 2 4 1 1 3 1 54.82 
4 4 1 4 1 171.73 2 4 1 1 3 1 55.93 
4 4 2 4 1 152.48 2 5 1 3 4 1 297.92 
4 4 2 4 1 148.13 2 5 1 3 4 1 276.75 
4 4 2 4 1 147.83 2 5 1 3 4 1 289.63 
4 1 3 6 0 344.60 2 5 1 1 2 0 28.43 
4 1 3 6 0 155.46 2 5 1 1 2 0 23.90 
4 1 3 6 0 340.41 2 5 1 1 2 0 22.48 
4 1 3 2 1 68.97 2 5 2 2 3 1 122.57 
4 1 3 2 1 69.88 2 5 2 2 3 1 121.38 
4 1 3 2 1 70.10 2 5 2 2 3 1 119.14 
4 3 2 4 1 24.86 2 5 1 1 1 1 314.97 
4 3 2 4 1 24.70 2 5 1 1 1 1 293.06 
4 3 2 4 1 24.24 2 5 1 1 1 1 297.56 
4 1 2 1 1 98.05 2 5 2 3 3 1 185.02 
4 1 2 1 1 101.39 2 5 2 3 3 1 184.98 
4 1 2 1 1 101.63 2 5 2 3 3 1 179.95 
4 1 2 2 1 19.62 2 5 4 3 4 1 30.66 
4 1 2 2 1 20.36 2 5 4 3 4 1 43.10 
4 1 2 2 1 19.27 2 5 4 3 4 1 32.55 
4 1 1 1 1 138.65 2 5 2 2 4 1 14.69 
4 1 1 1 1 138.95 2 5 2 2 4 1 14.41 
4 1 1 1 1 147.97 2 5 2 2 4 1 13.28 
4 2 3 3 1 183.12 2 5 1 3 2 1 2.21 
4 2 3 3 1 175.45 2 5 1 3 2 1 2.12 
4 2 3 3 1 163.79 2 5 1 3 2 1 2.05 
4 1 2 1 0 396.81 2 5 1 2 1 1 127.02 
4 1 2 1 0 180.99 2 5 1 2 1 1 147.94 
4 1 2 1 0 397.22 2 5 1 2 1 1 137.16 
4 1 3 1 0 178.86 2 5 1 3 3 1 132.82 
4 1 3 1 0 172.47 2 5 1 3 3 1 133.13 
4 1 3 1 0 167.45 2 5 1 3 3 1 131.10 
4 1 2 6 0 150.07 2 5 3 1 4 1 39.09 
4 1 2 6 0 147.93 2 5 3 1 4 1 37.39 
4 1 2 6 0 148.19 2 5 3 1 4 1 37.80 
4 3 1 4 1 107.07 2 5 1 1 2 1 15.49 
4 3 1 4 1 105.20 2 5 1 1 2 1 14.70 
4 3 1 4 1 105.89 2 5 1 1 2 1 14.12 
4 1 2 3 1 108.80 2 5 2 1 4 1 12.77 
4 1 2 3 1 116.08 2 5 2 1 4 1 11.66 
4 1 2 3 1 123.29 2 5 2 1 4 1 10.23 
4 1 2 4 1 753.23 2 5 1 3 1 1 380.51 
4 1 2 4 1 787.31 2 5 1 3 1 1 381.98 
4 1 2 4 1 691.32 2 5 1 3 1 1 377.23 
4 1 3 4 1 181.37 2 5 1 2 3 1 403.85 
4 1 3 4 1 181.16 2 5 1 2 3 1 394.32 
4 1 3 4 1 181.44 2 5 1 2 3 1 388.00 
4 1 1 6 0 32.37 2 5 1 2 6 0 260.68 
4 1 1 6 0 31.99 2 5 1 2 6 0 239.32 
4 1 1 6 0 32.68 2 5 1 2 6 0 245.09 
4 3 3 4 1 18.76 2 5 1 3 6 0 215.41 
4 3 3 4 1 25.42 2 5 1 3 6 0 212.96 
4 3 3 4 1 20.52 2 5 1 3 6 0 213.98 
4 2 1 3 1 76.97 2 5 1 1 6 0 215.87 
4 2 1 3 1 68.70 2 5 1 1 6 0 222.60 
4 2 1 3 1 76.18 2 5 1 1 6 0 218.20 
4 4 3 4 1 42.45 2 5 3 3 4 1 13.76 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
167 
5 3 3 4 1 12.98 3 2 3 2 2 1 167.67 
5 3 3 4 1 14.02 3 2 3 2 2 1 165.61 
5 1 1 3 1 287.31 3 2 1 2 6 0 127.70 
5 1 1 3 1 296.04 3 2 1 2 6 0 133.82 
5 1 1 3 1 284.38 3 2 1 2 6 0 121.19 
5 1 2 2 0 22.44 3 2 3 2 5 1 160.41 
5 1 2 2 0 21.83 3 2 3 2 5 1 154.65 
5 1 2 2 0 20.88 3 2 3 2 5 1 134.81 
5 1 2 1 0 194.68 3 2 3 2 4 1 5.81 
5 1 2 1 0 236.48 3 2 3 2 4 1 8.30 
5 1 2 1 0 228.27 3 2 3 2 4 1 4.69 
5 1 3 1 0 145.03 3 2 4 1 2 1 184.67 
5 1 3 1 0 143.56 3 2 4 1 2 1 167.45 
5 1 3 1 0 129.34 3 2 4 1 2 1 143.06 
5 1 1 4 1 295.38 3 2 4 1 5 1 19.05 
5 1 1 4 1 292.11 3 2 4 1 5 1 18.38 
5 1 1 4 1 303.60 3 2 4 1 5 1 21.51 
5 1 2 2 1 28.88 3 2 4 1 4 1 101.75 
5 1 2 2 1 26.75 3 2 4 1 4 1 91.16 
5 1 2 2 1 24.19 3 2 4 1 4 1 97.81 
5 3 2 4 1 104.29 3 2 4 2 2 0 11.63 
5 3 2 4 1 99.26 3 2 4 2 2 0 13.13 
5 3 2 4 1 94.64 3 2 4 2 2 0 12.72 
5 1 2 4 1 412.80 3 2 4 2 5 1 67.55 
5 1 2 4 1 413.69 3 2 4 2 5 1 66.46 
5 1 2 4 1 399.97 3 2 4 2 5 1 68.72 
5 4 2 4 1 81.67 3 2 4 2 1 1 120.00 
5 4 2 4 1 78.03 3 2 4 2 1 1 129.04 
5 4 2 4 1 77.29 3 2 4 2 1 1 117.70 
5 1 3 2 0 22.01 3 2 4 2 4 1 60.14 
5 1 3 2 0 19.57 3 2 4 2 4 1 55.63 
5 1 3 2 0 20.10 3 2 4 2 4 1 64.68 
5 1 1 1 0 128.30 3 2 3 2 1 0 282.88 
5 1 1 1 0 124.95 3 2 3 2 1 0 284.85 
5 1 1 1 0 122.68 3 2 3 2 1 0 277.32 
5 4 1 4 1 102.24 3 2 2 2 2 1 51.02 
5 4 1 4 1 102.37 3 2 2 2 2 1 43.50 
5 4 1 4 1 102.76 3 2 2 2 2 1 41.53 
5 2 3 4 1 171.90 3 2 2 2 5 1 93.11 
5 2 3 4 1 164.91 3 2 2 2 5 1 97.15 
5 2 3 4 1 163.70 3 2 2 2 5 1 98.35 
5 2 1 3 1 66.92 3 2 3 1 2 1 72.25 
5 2 1 3 1 69.51 3 2 3 1 2 1 54.90 
5 2 1 3 1 69,71 3 2 3 1 2 1 76.59 
2 1 1 7 0 462.11 3 2 3 1 2 0 55.99 
2 1 1 7 0 449.38 3 2 3 1 2 0 49.36 
2 1 1 7 0 460.38 3 2 3 1 2 0 51.74 
2 1 2 7 0 139.39 3 2 3 1 3 1 229.85 
2 1 2 7 0 128.18 3 2 3 1 3 1 201.05 
2 1 2 7 0 125.73 3 2 3 1 3 1 210.24 
2 1 1 6 0 150.21 3 2 3 1 5 1 38.95 
2 1 1 6 0 139.39 3 2 3 1 5 1 31.44 
2 1 1 6 0 147.74 3 2 3 1 5 1 35.57 
2 3 2 1 1 36.82 3 2 3 1 1 0 413.35 
2 3 2 1 1 36.11 3 2 3 1 1 0 404.90 
2 3 2 1 1 38.13 3 2 3 1 1 0 380.61 
2 3 2 3 1 1.50 3 2 3 1 1 1 173.54 
2 3 2 3 1 1.88 3 2 3 1 1 1 148.30 
2 3 2 3 1 1.66 3 2 3 1 1 1 162.04 
2 3 2 2 1 164.75 3 2 3 1 4 1 22.04 
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2 3 1 4 1 23.63 3 2 2 1 2 0 212.74 
2 3 1 4 1 25.47 3 2 2 1 2 0 253.99 
2 4 2 1 0 323.88 3 2 1 2 1 0 131.53 
2 4 2 1 0 364.48 3 2 1 2 1 0 152.49 
2 4 2 1 0 302.54 3 2 1 2 1 0 146.65 
2 2 2 4 1 110.25 3 2 1 2 2 0 2.05 
2 2 2 4 1 117.41 3 2 1 2 2 0 1.32 
2 2 2 4 1 117.16 3 2 1 2 2 0 1.11 
2 2 2 3 1 277.12 3 2 4 2 2 1 166.89 
2 2 2 3 1 141.21 3 2 4 2 2 1 134.42 
2 2 2 3 1 147.26 3 2 4 2 2 1 156.44 
2 2 2 2 0 27.27 3 2 1 2 3 1 6.66 
2 2 2 2 0 24.82 3 2 1 2 3 1 6.45 
2 2 2 2 0 28.97 3 2 1 2 3 1 6.40 
2 2 2 1 0 23.86 3 2 1 2 5 1 88.03 
2 2 2 1 0 24.99 3 2 1 2 5 1 86.74 
2 2 2 1 0 21.43 3 2 1 2 5 1 83.69 
2 2 2 1 1 128.13 3 2 1 2 4 1 268.22 
2 2 2 1 1 135.71 3 2 1 2 4 1 297.21 
2 2 2 1 1 122.99 3 2 1 2 4 1 250.00 
2 1 1 3 1 283.15 3 2 1 1 5 1 76.50 
2 1 1 3 1 323.28 3 2 1 1 5 1 61.99 
2 1 1 3 1 304.54 3 2 1 1 5 1 73.52 
2 1 1 1 1 19.45 3 2 1 1 2 0 159.84 
2 1 1 1 1 21.57 3 2 1 1 2 0 176.05 
2 1 1 1 1 17.80 3 2 1 1 2 0 166.11 
2 1 1 1 0 10.55 3 2 1 1 2 1 34.38 
2 1 1 1 0 13.67 3 2 1 1 2 1 50.30 
2 1 1 1 0 9.11 3 2 1 1 2 1 43.92 
2 1 1 4 1 116.09 3 2 4 1 1 1 68.31 
2 1 1 4 1 126.25 3 2 4 1 1 1 64.30 
2 1 1 4 1 124.66 3 2 4 1 1 1 66.55 
2 1 2 2 1 30.94 3 2 4 1 1 0 113.62 
2 1 2 2 1 28.80 3 2 4 1 1 0 114.16 
2 1 2 2 1 27.23 3 2 4 1 1 0 108.96 
2 4 2 3 1 22.20 3 2 4 1 2 0 64.36 
2 4 2 3 1 21.02 3 2 4 1 2 0 60.77 
2 4 2 3 1 9.54 3 2 4 1 2 0 70.74 
2 1 2 1 1 135.51 3 2 4 1 3 1 15.19 
2 1 2 1 1 241.55 3 2 4 1 3 1 64.94 
2 1 2 1 1 120.94 3 2 4 1 3 1 65.14 
2 2 1 4 1 138.44 3 2 3 2 2 0 51.89 
2 2 1 4 1 139.97 3 2 3 2 2 0 53.76 
2 2 1 4 1 152.14 3 2 3 2 2 0 55.99 
2 2 1 2 1 78.31 3 3 1 2 4 1 0.00 
2 2 1 2 1 79.88 3 3 1 2 4 1 0.00 
2 2 1 2 1 100.88 3 3 1 2 4 1 0.00 
2 2 1 1 1 119.56 3 3 2 1 4 1 11.16 
2 2 1 1 1 136.15 3 3 2 1 4 1 10.89 
2 2 1 1 1 121.59 3 3 2 1 4 1 10.90 
2 2 1 1 0 191.88 3 3 1 1 5 1 1.17 
2 2 1 1 0 189.89 3 3 1 1 5 1 1.21 
2 2 1 1 0 198.33 3 3 1 1 5 1 1.19 
2 2 1 3 1 64.66 3 3 2 1 2 1 0.87 
2 2 1 3 1 60.16 3 3 2 1 2 1 0.82 
2 2 1 3 1 73.99 3 3 2 1 2 1 0.84 
2 2 1 5 1 140.85 3 3 1 1 4 1 3.98 
2 2 1 5 1 170.12 3 3 1 1 4 1 4.39 
2 2 1 5 1 148.94 3 3 1 1 4 1 4.42 
2 2 1 2 0 258.46 3 3 1 2 2 1 3.54 
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2 2 1 3.67 3 4 1 2 1 0 82.98 
2 2 1 3.84 3 4 1 2 1 0 81.02 
2 1 0 2.33 3 4 1 1 1 0 130.41 
2 1 0 2.97 3 4 1 1 1 0 121.01 
2 1 0 2.48 3 4 1 1 1 0 122.80 
1 7 0 2.08 3 4 1 1 5 1 45.65 
1 7 0 2.01 3 4 1 1 5 1 43.44 
1 7 0 1.91 3 4 1 1 5 1 41.69 
2 1 1 1.45 3 4 2 1 2 1 101.42 
2 1 1 1.36 3 4 2 1 2 1 96.93 
2 1 1 1.31 3 4 2 1 2 1 100.66 
2 1 1 1 0.58 3 4 1 1 2 0 185.98 
2 1 1 1 0.51 3 4 1 1 2 0 172.03 
2 1 1 1 0.53 3 4 1 1 2 0 186.06 
1 1 0 1.09 3 4 1 2 6 0 156.24 
1 1 0 1.50 3 4 1 2 6 0 174.29 
1 1 0 1.30 3 4 1 2 6 0 157.94 
2 7 0 146.44 3 4 1 2 2 1 58.16 
2 7 0 152.81 3 4 1 2 2 1 56.45 
2 7 0 146.40 3 4 1 2 2 1 55.83 
1 2 0 0.26 3 4 1 1 3 1 95.14 
1 2 0 0.27 3 4 1 1 3 1 98.55 
1 2 0 0.30 3 4 1 1 3 1 101.80 
2 1 2 0 1.77 3 4 2 1 2 0 132.56 
2 1 2 0 1.66 3 4 2 1 2 0 129.91 
2 1 2 0 1.71 3 4 2 1 2 0 127.59 
2 1 1 0 0.87 3 4 1 2 3 1 74.36 
2 1 1 0 0.83 3 4 1 2 3 1 71.48 
2 1 1 0 0.86 3 4 1 2 3 1 151.08 
1 1 1 1.89 3 4 1 1 4 1 50.24 
1 1 1 2.01 3 4 1 1 4 1 48.47 
1 1 1 1.80 3 4 1 1 4 1 52.84 
1 2 1 1.21 3 4 1 1 7 0 126.42 
1 2 1 1.23 3 4 1 1 7 0 129.91 
1 2 1 1.22 3 4 1 1 7 0 142.62 
2 1 3 1 0.38 3 4 2 1 3 1 109.72 
2 1 3 1 0.37 3 4 2 1 3 1 106.39 
2 1 3 1 0.36 3 4 2 1 3 1 81.02 
1 2 3 1 0.15 3 4 1 2 1 1 98.87 
1 2 3 1 0.12 3 4 1 2 1 1 102.02 
1 2 3 1 0.10 3 4 1 2 1 1 110.26 
2 1 5 1 11.68 3 4 1 1 6 0 388.47 
2 1 5 1 12.20 3 4 1 1 6 0 391.48 
2 1 5 1 13.01 3 4 1 1 6 0 397.22 
2 2 0 0.31 3 4 1 2 7 0 119.89 
2 2 0 0.36 3 4 1 2 7 0 128.55 
2 2 0 0.62 3 4 1 2 7 0 132.52 
2 6 0 37.82 3 4 1 2 4 1 28.21 
2 6 0 37.51 3 4 1 2 4 1 28.92 
2 6 0 37.45 3 4 1 2 4 1 30.00 
2 5 1 2.09 3 4 1 2 2 0 78.44 
2 5 1 2.61 3 4 1 2 2 0 78.06 
2 5 1 2.11 3 4 1 2 2 0 77.57 
1 6 0 66.40 3 4 1 1 1 1 100.00 
1 6 0 58.35 3 4 1 1 1 1 104.00 
1 6 0 62.71 3 4 1 1 1 1 105.77 
1 3 1 0.14 3 4 2 1 1 1 111.06 
1 3 1 0.14 3 4 2 1 1 1 106.45 
1 3 1 0.30 3 4 2 1 1 1 102.24 
2 1 0 83.42 3 4 2 1 1 0 237.98 
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4 2 1 1 0 211.88 3 5 1 2 6 0 326.92 
4 2 1 1 0 227.24 3 5 1 2 6 0 314.67 
4 1 1 2 1 170.78 3 5 1 1 1 1 127.84 
4 1 1 2 1 156.96 3 5 1 1 1 1 116.69 
4 1 1 2 1 164.77 3 5 1 1 1 1 119.93 
4 1 2 5 1 46.42 3 5 1 1 2 1 130.03 
4 1 2 5 1 52.15 3 5 1 1 2 1 136.66 
4 1 2 5 1 49.78 3 5 1 1 2 1 146.95 
4 2 1 4 1 112.17 3 5 1 1 1 0 29.30 
4 2 1 4 1 128.91 3 5 1 1 1 0 26.40 
4 2 1 4 1 124.02 3 5 1 1 1 0 27.70 
4 2 1 5 1 152.38 3 5 1 2 2 1 136.60 
4 2 1 5 1 153.21 3 5 1 2 2 1 133.52 
4 2 1 5 1 162.39 3 5 1 2 2 1 134.42 
5 1 1 4 1 137.48 3 5 1 2 3 1 6.65 
5 1 1 4 1 134.59 3 5 1 2 3 1 6.69 
5 1 1 4 1 125.55 3 5 1 2 3 1 6.75 
5 1 2 5 1 125.89 3 5 1 1 2 0 26.56 
5 1 2 5 1 120.57 3 5 1 1 2 0 25.14 
5 1 2 5 1 124.44 3 5 1 1 2 0 24.02 
5 2 1 1 0 2.38 3 5 1 2 1 1 159.30 
5 2 1 1 0 2.38 3 5 1 2 1 1 166.06 
5 2 1 1 0 2.30 3 5 1 2 1 1 164.12 
5 1 2 1 0 116.53 3 5 1 2 4 1 35.90 
5 1 2 1 0 112.82 3 5 1 2 4 1 31.28 
5 1 2 1 0 108.67 3 5 1 2 4 1 32.55 
5 1 1 3 1 13.99 3 5 2 1 1 1 9.92 
5 1 1 3 1 13.22 3 5 2 1 1 1 9.07 
5 1 1 3 1 13.89 3 5 2 1 1 1 9.44 
5 1 1 5 1 4.27 
5 1 1 5 1 4.30 
5 1 1 5 1 4.61 
5 1 2 2 0 93.74 
5 1 2 2 0 85.62 
5 1 2 2 0 81.34 
5 2 1 2 0 106.76 
5 2 1 2 0 96.01 
5 2 1 2 0 95.57 
5 2 1 4 1 127.61 
5 2 1 4 1 128.12 
5 2 1 4 1 126.16 
5 2 1 3 1 5.21 
5 2 1 3 1 4.69 
5 2 1 3 1 4.58 
5 1 1 7 0 552.33 
5 1 1 7 0 519.58 
5 1 1 7 0 551.90 
5 1 2 7 0 132.62 
5 1 2 7 0 2.61 
5 1 2 7 0 2,44 
5 1 1 6 0 213.49 
5 1 1 6 0 203.33 
5 1 1 6 0 203.21 
5 2 1 5 1 44.33 
5 2 1 5 1 43.00 
5 2 1 5 1 42.41 
5 2 1 2 1 29.78 
5 2 1 2 1 28.85 
5 2 1 2 1 29.43 
5 1 2 6 0 0.00 
171 
Soil organic carbon (SOC) data from rotation/fertility 
experiments 
North Central , SOC i n  % ,  m u l t i p l y  b y  1 0  to get g/kg 
code# SOC code# SOC code# SOC code# SOC 
176 2 . 9 1  3 5 6  2 . 5 4  4 5 6  2 . 4 2  
101 2 . 1 6  177 2 . 7 7  357 2 . 5 7  4 5 7  2 . 5 6  
102 2 . 5 6  178 2 . 6 3  358 3 . 1 3  458 3 . 1 5  
103 2 . 7 2  179 3 . 1 7  359 2 . 9 7  4 5 9  3 . 2 5  
104 3 . 0 2  180 3 . 0 9  3 6 0  2 . 7 7  4 6 0  3 . 1 0  
106 2 . 0 3  181 - 3 6 1  1 . 9 8  4 6 1  2 . 0 2  
107 2 . 7 3  182 3 . 0 3  3 6 2  2 . 6 7  4 6 2  2 . 9 5  
108 2 . 6 7  183 3 . 1 7  3 6 3  2 . 8 4  4 6 3  2 . 6 4  
109 3 . 1 5  184 3 . 2 4  3 6 4  2 . 9 8  4 6 4  3 . 0 9  
110 2 . 7 9  185 3 . 1 5  3 6 5  2 . 8 9  4 6 5  3 . 3 4  
111 2 . 4 2  186 2 . 5 8  3 6 6  2 . 3 9  4 6 6  2 . 4 0  
112 3 . 0 6  187 2 . 9 1  3 6 7  2 . 9 7  4 6 7  2 . 8 8  
113 2 . 4 8  188 2 . 8 5  3 6 8  2 . 3 9  4 6 8  2 . 7 2  
114 3 . 1 5  189 3 . 4 1  3 6 9  3 . 7 0  4 6 9  3 . 1 8  
115 3  . 2 2  190 3 . 4 4  3 7 0  3 . 1 3  4 7 0  2 . 9 5  
116 2 . 1 4  191 2 . 9 2  3 7 1  2 . 8 5  4 7 1  2 . 7 7  
117 2 . 8 1  192 3 . 0 3  3 7 2  2 . 8 0  4 7 2  2 . 8 4  
118 3 . 0 4  193 3 . 0 1  3 7 3  2 . 8 1  4 7 3  2 . 6 3  
119 3 . 3 0  194 3 . 4 7  3 7 4  3 . 2 5  4 7 4  3 . 0 1  
120 3 . 9 2  195 3 . 8 2  3 7 5  3 . 4 5  4 7 5  3 . 6 1  
121 2 . 6 0  196 2 . 9 1  3 7 6  3 . 1 8  4 7 6  2 . 8 3  
122 3 . 2 3  197 3 . 5 4  3 7 7  2 . 8 4  4 7 7  3 . 3 9  
123 2 . 2 7  198 2 . 8 7  3 7 8  2 . 3 2  478 2 . 7 0  
124 2 . 8 6  199 3 . 3 4  3 7 9  2 . 8 4  4 7 9  3 . 0 0  
125 3 . 2 3  2 0 0  3 . 3 1  3 8 0  3 . 2 8  4 8 0  3 . 1 6  
126 2 . 5 2  2 0 1  2 . 2 4  3 8 1  2 . 8 0  481 2 . 3 7  
127 2 . 8 1  2 0 2  2 . 8 4  3 8 2  2 . 9 0  4 8 2  3 . 3 4  
128 2 . 5 0  2 0 3  2 . 7 9  3 8 3  2 . 7 7  4 8 3  2 . 8 4  
129 3 . 2 3  2 0 4  3 . 1 5  3 8 4  3 . 1 1  4 8 4  3 . 3 7  
130 3 . 0 4  2 0 5  3 . 3 8  385 2 . 9 7  485 3 . 2 3  
131 2 . 8 2  2 0 6  2 . 8 2  3 8 6  3 . 0 3  4 8 6  2 . 6 8  
132 3 . 2 0  2 0 7  3 . 0 4  387 3  . 1 6  487 3 . 5 1  
133 3 . 2 3  2 0 8  3 . 2 5  388 3  . 1 0  488 2 . 9 3  
134 3 . 1 2  2 0 9  3 . 2 1  389 3 . 3 1  4 8 9  3 . 4 2  
135 3 . 3 5  2 1 0  3 . 5 8  3 9 0  3 . 5 1  4 9 0  3 . 2 3  
136 2 . 1 2  211 2 . 2 6  3 9 1  2 . 4 2  4 9 1  2 . 2 6  
137 2 . 8 3  212 2 . 8 7  3 9 2  2 . 7 2  4 9 2  2 . 7 5  
138 3 . 0 8  213 3  . 1 9  3 9 3  2 . 6 9  4 9 3  2 . 8 5  
139 3  . 1 7  214 3 . 5 3  3 9 4  3 . 4 1  4 9 4  3 . 3 4  
140 3 . 3 3  215 3  . 4 5  3 9 5  2 . 8 7  4 9 5  2 . 9 7  
141 3 . 9 1  216 6 . 4 3  3 9 6  3 . 8 1  4 9 6  4 . 9 3  
142 3 . 9 2  217 4 . 8 4  397 3 . 8 6  4 9 7  5 . 1 5  
172 
Northeast 
code# SOC code# SOC 
143 2.32 218 2.71 
144 2.09 219 1.93 
145 1.44 220 1.71 
146 2.05 221 1.84 
147 1.81 222 1.69 
148 2.10 223 2.19 
149 1.89 224 2.00 
150 2.21 225 2.12 
151 2.15 226 2.10 
152 2.17 227 2.28 
153 1.85 228 1.90 
154 2.34 229 1.99 
155 1.76 230 1.70 
156 1.39 231 1.75 
157 2.14 232 2.22 
158 2.07 233 1.90 
159 2.14 234 1.93 
160 1.73 235 1.86 
161 2.33 236 1.83 
162 2.16 237 2.13 
163 2.17 238 2.12 
164 1.99 239 2.11 
165 1.97 240 1.99 
166 2.06 241 2.05 
167 2.09 242 2.17 
168 1.98 243 1.95 
169 2.08 244 2.27 
170 2.47 245 2.26 
171 2.62 246 2.53 
172 2.22 247 2.03 
173 4.00 248 4.85 
174 2.64 249 3.87 
175 3.65 250 3.41 
code# SOC code# SOC code# SOC 
398 1.82 498 2.01 598 2.05 
399 1.99 499 2.23 599 2.12 
400 1.80 500 2.01 600 1.75 
401 1.81 501 1.95 601 1.85 
402 2.12 502 1.84 602 1.84 
403 2.14 503 1.87 603 1.95 
404 2.00 504 2.23 604 2.19 
405 2.45 505 2.34 605 2.24 
406 2.63 506 2.30 606 2.35 
407 2.36 507 2.09 607 2.03 
408 1.89 508 1.97 608 2.04 
409 2.31 509 2.36 609 2.02 
410 1.74 510 1.56 610 2.19 
411 1.80 511 1.62 611 1.85 
412 1.63 512 2.08 612 1.79 
413 2.41 513 1.76 613 1.92 
414 2.15 514 2.04 614 2.26 
415 2.14 515 1.84 615 2.04 
416 2.11 516 2.01 616 2.25 
417 2.17 517 2.23 617 2.15 
418 2.13 518 2.01 618 2.31 
419 2.07 519 1.69 619 2.44 
420 2.15 520 2.10 620 1.92 
421 2.21 521 2.03 621 2.09 
422 2.02 522 1.87 622 1.81 
423 2.02 523 1.79 623 1.85 
424 2.15 524 2.17 624 2.23 
425 2.48 525 1.88 625 2.35 
426 2.76 526 2.66 626 2.65 
427 2.25 527 1.81 627 2.05 
428 3.45 528 4.69 628 2.95 
429 2.97 529 3.38 629 3.30 
430 3.90 530 4.16 630 3.32 
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Northwest 
code# SOC code# SOC code# SOC code# SOC 
2 5 1  2 . 5 4  3 0 0  2 . 8 7  5 3 1  2 . 4 0  6 3 1  2 . 6 9  
252 2 . 5 7  301 2 . 4 6  5 3 2  2 . 5 1  6 3 2  2 . 5 7  
2 5 3  2 . 2 9  3 0 2  2 . 5 0  5 3 3  2 . 2 7  6 3 3  2 . 3 8  
254 2 . 6 2  3 0 3  2 . 5 0  5 3 4  2 . 8 0  6 3 4  2 . 9 3  
255 2 . 9 0  304 2 . 7 3  5 3 5  2 . 7 8  6 3 5  2 . 7 9  
256 2 . 1 9  305 2 . 7 0  5 3 6  1 . 8 9  6 3 6  2 . 2 7  
257 2 . 4 6  3 0 6  1 . 7 3  5 3 7  2 . 1 7  637 2 . 2 7  
258 2 . 2 1  307 2 . 2 5  538 2 . 4 0  6 3 8  2 . 2 4  
259 2 . 5 6  2 7 9  4 . 6 0  5 3 9  2 . 6 3  6 3 9  2 . 4 8  
2 6 0  2 . 1 1  308 3 . 6 1  540 2 . 2 7  640 2 . 5 1  
2 6 1  2 . 7 2  354 5 . 0 9  541 2 . 7 0  641 2 . 8 9  
2 6 2  2 . 7 1  355 4 . 5 7  542 2 . 9 7  6 4 2  2 . 3 1  
2 6 3  2 . 0 8  4 3 1  2 . 2 8  5 4 3  2 . 0 9  6 4 3  2 . 3 2  
264 1 . 8 9  4 3 2  2 . 5 2  5 4 4  2 . 1 7  6 4 4  2 . 6 0  
2 6 5  2 . 3 6  4 3 3  2 . 5 0  5 4 5  2 . 3 7  6 4 5  2 . 5 3  
2 6 6  2 . 2 6  4 3 4  2 . 8 6  5 4 6  2 . 5 2  6 4 6  3 . 0 1  
2 6 7  2 . 3 7  4 3 5  2 . 8 0  5 4 7  2 . 3 7  6 4 7  2 . 6 3  
2 6 8  2 . 3 3  4 3 6  1 . 9 5  548 2 . 4 8  648 2 . 7 6  
2 6 9  2 . 6 7  4 3 7  2 . 1 7  5 4 9  2 . 4 4  649 2 . 8 3  
2 7 0  2 . 2 5  4 3 8  2 . 1 3  550 2 . 3 2  650 2 . 3 0  
2 7 1  2 . 4 2  4 3 9  2 . 5 4  5 5 1  2 . 2 1  651 2 . 3 2  
2 7 2  2 . 2 6  4 4 0  2 . 4 4  552 2 . 8 2  652 3 . 6 0  
2 7 3  2 . 4 3  4 4 1  2 . 8 1  553 3 . 5 8  653 3 . 4 4  
2 7 4  2 . 1 9  4 4 2  2 . 8 2  554 4 . 4 9  654 4 . 3 5  
2 7 5  2 . 7 1  4 4 3  2 . 2 7  555 4 . 2 5  655 4 . 6 9  
2 7 6  2 . 7 1  4 4 4  2 . 3 8  
2 7 7  2 . 2 1  4 4 5  2 . 4 2  
278 2 . 6 1  4 4 6  2 . 6 7  
2 8 0  2 . 2 5  4 4 7  2 . 3 1  
281 2 . 4 2  4 4 8  2 . 5 9  
282 2 . 4 0  4 4 9  2 . 7 3  
283 2 . 7 3  450 2 . 0 5  
284 3 . 2 9  4 5 1  2 . 3 0  
285 2 . 0 4  4 5 2  3 . 1 4  
2 8 6  2 . 1 2  4 5 3  3 . 6 8  
287 2 . 1 4  454 4 . 0 1  
288 2 . 6 7  4 5 5  4 . 0 8  
289 2.35 
2 9 0  2 . 9 5  
291 3.05 
2 9 2  2 . 1 8  
2 9 3  2 . 2 1  
2 9 4  2 . 2 7  
295 2.83 
2 9 6  2 . 4 6  
297 2.66 
298 2.88 
2 9 9  2 . 4 4  
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Original Agronomy Farm soil  organic 
g/kg SOC = %oc * 10 
X y estimât %oc 
f t  f t  1917 1936 1953 
161 10. 5 2.78 2.10 1.76 
161 31. 5 2.78 2.08 1.74 
161 52. 5 2.78 2.25 1.83 
161 73. 5 2.78 2.30 1.82 
161 94. 5 2.78 2.33 2.02 
161 115. 5 2.78 2.34 1.50 
161 136. 5 2.78 2.39 1.91 
161 157. 5 2.78 2.36 1.95 
126 10. 5 2.49 2.26 1.99 
126 31. 5 2.49 2.35 2.06 
126 52. 5 2.49 2.29 2.18 
126 73. 5 2.49 2.23 2.04 
126 94. 5 2.49 2.26 1.84 
126 115. 5 2.49 2.27 1.55 
126 136. 5 2.49 2.33 1.84 
126 157. 5 2.49 2.27 1.73 
91 10. 5 2.33 1.94 2.14 
91 31. 5 2.33 1.98 2.35 
91 52. 5 2.33 1.81 1.98 
91 73. 5 2.33 1.47 1.52 
91 94. 5 2.33 1.64 1.26 
91 115. 5 2.33 1.85 1.33 
91 136. 5 2.33 1.98 1.86 
91 157. 5 2.33 2.02 1.79 
56 10. 5 1.65 1.70 2.12 
56 31. 5 1.65 1.93 1.77 
56 52. 5 1.65 1.63 1.58 
56 73. 5 1.65 1.22 1.40 
56 94. 5 1.65 1.44 1.14 
56 115. 5 1.65 1.69 1.33 
56 136. 5 1.65 1.83 1.55 
56 157. 5 1.65 1.88 1.64 
21 10. 5 1.45 1.34 
21 31. 5 1.45 1.02 
21 52. 5 1.45 1.35 
21 73. 5 
21 94. 5 
21 115. 5 
21 136. 5 
21 157. 5 
carbon measurements.  
%oc fr t  %OM %OM 
1958 1992 range tr t  1953 1958 
1.62 1.44 906 1 3.04 2.80 
1.64 1.66 906 6 3.00 2.82 
1.76 1.89 906 7 3.16 3.04 
1.86 1.87 906 4 3.13 3.21 
2.00 2.11 906 3 3.49 3.44 
1.59 1.74 906 5 2.58 2.74 
1.90 1.97 906 8 3.29 3.27 
1.91 1.85 906 2 3.36 3.29 
2.13 1.93 907 4 3.43 3.68 
2.14 1.70 907 5 3.56 3.69 
2.23 1.91 907 2 3.76 3.84 
2.15 1.95 907 7 3.52 3.70 
1.95 1.68 907 3 3.18 3.36 
1.68 1.82 907 8 2.68 2.89 
1.81 1.69 907 1 3.17 3.12 
1.79 1.68 907 6 2.98 3.08 
2.18 2.16 908 6 3.69 3.76 
2.29 2.31 908 4 4.06 3.94 
2.08 1.85 908 1 3.42 3.59 
1.82 1.72 908 7 2.62 3.14 
1.59 1.63 908 3 2.18 2.74 
1.62 1.42 908 2 2.30 2.79 
1.80 1.76 908 8 3.21 3.10 
1.69 1.53 908 5 3.09 2.92 
1.78 1.52 909 7 3.65 3.07 
1.83 1.53 909 4 3.06 3.15 
1.82 1.36 909 5 2.72 3.14 
1.35 1.40 909 2 2.41 2.32 
1.28 1.15 909 3 1.97 2.21 
1.47 1.40 909 6 2.30 2.54 
1.67 1.59 909 8 2.67 2.88 
1.54 1.38 909 1 2.82 2.65 
1.26 910 1 
0.97 910 1 
1.27 910 1 
Original Agronomy Farm N-P-K Ferti l izer Treatments rates in kg/ha 
1 0-0-0 
2 45-0-0 2&4 changed to 
3 90-0-0 270 kg N in 1977 
4 180-0-0 
5 0-67-67 
6 45-67-67 
7 90-67-67 
8 180-67-67 
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Yield calculations used in residue determinations 
average Yields,  bu/ac Ibs/ac kg/ha annual 
average residue residue kg/ha 
Northeast  12 yrs returned returned 
Cg-ON 66.9 64208 71967 5997 
Cg-N 127.6 122499 137301 11442 
North Central  weighted 
year wght Cg-ON Cg-N Cg-ON Cg-N 
1955 1 39.3 48.7 39.3 48.7 
1956 1 65 88 65 88 
1957 1 80 118 80 118 
8 8 52 108 416 864 
8 8 54.5 136 436 1088 
9 9 53 125 477 1125 
6 6 50 120 300 720 
1990 1 59.3 158 59.3 158 
1991 1 70.7 130.2 70.7 130.2 
36 54.0 120.6 1943.3 4339.9 
Ibs/ac residue returned 155464 347192 
kg residue returned 174250 389146 
Northwest 26 yrs 
average Yields,  bu/ac Ibs/ac kg/ha 
average residue residue 
returned returned 
Cg-ON 65.0 135296 151645 
Cg-N 109.4 227552 255049 
Original Agronomy Farm 
906 907 908 909 910 
1915 to 1952 M M+L L 
38 yrs 39.2 46.2 49.1 40.4 31.3 
Ferti l izer Treatments 
1 2 3 4 5 6 7 8 
1953 to 1962 Res.  Bull .  522, 1964, ISyields by old range are in RB 
10 yrs 39.6 69.3 86.8 100.1 42.2 65.8 94 111.4 
53-76 ,24 38 69 81 96 37 66 93 113 
77-80 (4) 36 71 68 80 46 101 83 97 
1981 64 105 84 98 54 91 51 89 
1983 24 80 73 81 28 82 71 103 
1984 27 76 58 70 47 88 77 81 
1985 47 93 92 98 58 132 124 133 
1986 30 96 65 94 32 116 81 98 
1990 50 97 109 124 55 159 78 115 
81-90 (6) 40.4 91.3 80.1 94.2 45.5 111.5 80.3 103.2 
yields,  bu/ac 
tot  53-90 1298.5 2487.9 2696.5 3189.1 1345.0 2656.8 3046.0 3719.1 
avg 53-90 38.2 73.2 79.3 93.8 39.6 78.1 89.6 109.4 
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Old Agronomy 
res ret 'd,  53-90, 37 yrs 
Ib/ac 113046 216591 
kg/ha 126707 242763 
234755 277643 117098 231294 265183 323784 
263122 311193 131248 259243 297227 362909 
annual 3425 6561 7111 8411 3547 7007 8033 9808 
In,  Lucas 452.0 866.1 938.7 1110.2 468.2 924.9 1060.4 1294.7 
res ret 'd,  15-52 
906 907 908 909 910 
Ib/ac 119168 140448 149264 122816 95152 
kg/ha 133568 157419 167301 137657 106650 
38 yr 
annual 3515 4143 4403 3623 2807 
In,  Lucas 464.0 546.8 581.2 478.2 370.5 
kg/ha 
1952 
1990OC 
annual 
1 
126707 
19.0 
3425 
2 
242763 
24.0 
6561 
3 
263122 
23.0 
7111 
4 
311193 
2 2 . 6  
8411 
5 
131248 
22.9 
3547 
6 
259243 
22.9 
7007 
7 8 
297227 362909 
23.2 
8033 
23.8 
9808 
Original Agronomy Farm SOC (g/kg) summary by range (manure-lime treatments) 
and fert i l izer treatments with total  residue quantit ies (Mg/ha) 
Range 1917 1936 1952 rell7 rel36 res 
910 14.5 16.5 13.8 0.952 0.835 106650 
906 27.8 22.9 18.4 0.664 0.806 133568 
909 16.5 16.8 15.9 0.961 0.944 137657 
907 24.9 22.0 19.6 0.787 0.892 157419 
908 23.3 18.0 17.1 0.732 0.949 167301 
Fert  1952 1990 rell952 res 
1 18.1 15.9 0.881 126707 
2 17.2 16.5 0.959 242763 
3 15.7 16.4 1.047 263122 
4 19.8 19.1 0.963 311193 
5 17.3 15.8 0.913 131248 
6 17.4 17.3 0.994 259243 
7 18.8 17.7 0.943 297227 
8 17.2 17.9 1.039 362909 
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Particle Size Distribution Data 
Kanawha, North Central coarse fine 
soil# sand silt clay silt silt 
177 2 7 . 9  3 9 . 4  3 2 . 7  1 8 . 2  2 1 . 2  
179 1 6 . 4  4 7 . 2  3 6 . 4  2 0 . 5  2 6 . 7  
182 2 4 . 5  4 3 . 8  3 1 . 7  2 0 . 3  2 3 . 5  
187 1 6 . 7  4 7 . 5  3 5 . 9  1 9 . 8  2 7 . 7  
188 2 3 . 8  4 3 . 5  3 2 . 7  2 2 . 5  2 1 . 0  
189 2 1 . 3  4 6 . 2  3 2 . 5  2 2 . 3  2 3 . 9  
190 2 6 . 3  4 3 . 0  3 0 . 7  2 0 . 8  2 2 . 2  
192 2 5 . 2  4 2 . 0  3 2 . 8  1 8 . 9  2 3 . 1  
194 1 9 . 2  4 8 . 0  3 2 . 8  2 0 . 1  2 7 . 9  
196 2 8 . 2  4 0 . 2  3 1 . 6  1 8 . 0  2 2 . 2  
198 1 9 . 4  4 5 . 4  3 5 . 1  2 0 . 0  2 5 . 4  
199 1 9 . 2  4 6 . 1  3 4 . 7  1 9 . 6  2 6 . 5  
2 0 3  2 7 . 4  4 2 . 4  3 0 . 2  2 1 . 3  2 1 . 1  
205 2 5 . 7  4 2 . 9  3 1 . 4  1 9 . 6  2 3 . 3  
206 1 7 . 2  4 7 . 7  3 5 . 0  2 1 . 0  2 6 . 7  
208 1 4 . 5  4 9 . 8  3 5 . 7  2 0 . 6  2 9 . 2  
210 1 7 . 3  4 7 . 3  3 5 . 3  2 0 . 8  2 6 . 5  
211 2 5 . 3  4 0 . 8  3 3 . 9  1 7 . 6  2 3 . 2  
215 1 9 . 9  4 6 . 9  3 3 . 2  2 1 . 8  2 5 . 1  
216 2 3 . 1  4 7 . 8  2 9 . 2  2 5 . 4  2 2 . 4  
mean 2 1 . 9  4 4 . 9  3 3 . 2  2 0 . 5  2 4 . 4  
min 1 4 . 5  3 9  .  4  2 9 . 2  1 7 .  6  2 1 . 0  
max 2 8 . 2  4 9 . 8  3 6 . 4  2 5 . 4  2 9 . 2  
std 4 . 2  2 . 9  2  .  0  1 . 7  2 . 4  
Nashua, Northeast 
143 3 5 . 1  4 3  .  6  2 1 . 4  2 1 . 9  2 1 . 7  
144 3 4 . 1  4 3  .  3  2 2 . 6  1 9 . 1  2 4 . 2  
145 2 9 . 7  4 7 . 8  2 2 . 5  2 1 . 4  2 6 . 4  
147 2 7 . 7  4 9 . 2  2 3  . 1  2 3 . 8  2 5 . 4  
148 3 2 . 2  4 4 . 7  2 3 . 1  2 5 . 5  1 9 . 2  
150 3 1 . 8  4 4 . 6  2 3  .  6  1 9 . 5  2 5 . 1  
153 3 3 . 6  4 4 . 7  2 1 . 8  1 9 . 0  2 5 . 7  
156 3 0 . 0  4 7 . 2  2 2 . 8  1 9 . 7  2 7 . 5  
Ï57 3 6 . 7  4 2 . 9  2 0 . 3  1 8 . 7  2 4 . 2  
158 2 8 . 9  4 8 . 4  2 2 . 7  2 0 . 5  2 7 . 9  
160 3 0 . 9  4 7 . 0  2 2  . 1  2 0 . 8  2 6 . 2  
163 3 0 . 2  4 7 . 0  2 2 . 9  1 9 . 8  2 7 . 2  
165 3 0 . 7  4 6 . 3  2 3  .  0  2 2 . 9  2 3 . 4  
167 3 1 . 9  4 5 . 1  2 3  .  0  2 0 . 3  2 4 . 8  
168 2 8 . 0  4 8 . 1  2 3 . 9  1 9 . 4  2 8 . 7  
169 3 6 . 9  4 1 . 9  2 1 . 1  2 2 . 7  1 9 . 2  
173 3 4 . 7  4 3 . 7  2 1 . 7  2 1 . 8  2 1 . 9  
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Nashua, Northeast 
mean 3 1 . 9  4 5 . 6  2 2 . 4  2 1 . 0  2 4 . 6  
min 2 7 . 7  4 1 . 9  2 0 . 3  1 8 . 7  1 9 . 2  
max 3 6 . 9  4 9 . 2  2 3 . 9  2 5 . 5  2 8 . 7  
std 2 . 8  2 . 1  0 . 9  1 . 8  2 . 7  
Sutherland, Northwest 
253 2 . 9  6 2 . 1  3 5 . 0  3 2 . 0  3 0 . 1  
254 2 . 3  6 2 . 0  3 5 . 8  2 9 . 5  3 2 . 5  
257 4 . 1  6 0 . 4  3 5 . 5  3 2 . 3  2 8 . 1  
258 2 . 9  6 2 . 3  3 4 . 8  3 2 . 6  2 9 . 7  
2 6 1  2 . 5  6 3 . 5  3 4 . 0  3 2 . 1  3 1 . 4  
2 6 6  2 . 3  6 2 . 1  3 5 . 6  3 0 . 5  3 1 . 6  
2 6 7  2 . 2  6 2 . 0  3 5 . 8  2 9 . 6  3 2 . 4  
268 2 . 1  6 1 . 8  3 6 . 1  2 9 . 4  3 2 . 4  
2 7 0  3 . 0  6 2 . 4  3 4 . 6  3 2 . 5  2 9 . 9  
2 7 3  2 . 5  6 1 . 7  3 5 . 8  3 0 . 4  3 1 . 3  
2 7 5  2 . 9  6 0 . 9  3 6 . 2  3 2 . 8  2 8 . 1  
278 2 . 4  6 1 . 7  3 6 , 0  2 9 . 6  3 2 . 1  
2 7 9  2 . 2  6 1 . 6  3 6 . 1  2 6 . 1  3 5 . 5  
281 2 . 2  6 1 . 2  3 6 . 7  3 0 . 0  3 1 . 2  
282 2 . 2  6 0 . 5  3 7 . 2  2 9 . 8  3 0 . 7  
286 2 . 4  6 1 . 7  3 5 . 9  2 9 . 8  3 1 . 9  
288 2 . 4  6 0 . 7  3 6 . 8  3 0 . 6  3 0 . 1  
291 2 . 5  6 1 . 7  3 5 . 7  2 9 . 2  3 2 . 5  
2 9 2  2  .  6  6 3  . 1  3 4 . 4  3 5 . 3  2 7 . 8  
295 2 . 3  6 3 . 2  3 4 . 6  3 3 . 8  2 9 . 4  
298 2  .  6  6 2 . 4  3 4 . 9  3 5 . 6  2 6 . 8  
299 2 . 1  6 5 . 1  3 2 . 8  3 2 . 5  3 2 . 6  
301 2 . 3  6 3 . 7  3 4 . 0  3 3 . 0  3 0 . 7  
3 0 3  3 . 0  6 2 . 6  3 4 . 4  3 4 . 8  2 7 . 8  
305 4 . 3  6 1 . 2  3 4 . 5  3 4 . 4  2 6 . 8  
354 2 . 4  6 4 . 7  3 3 . 0  3 3 . 8  3 0 . 9  
mean 2 . 6  6 2 . 2  3 5 . 2  3 1 . 6  3 0 . 6  
min 2 . 1  6 0 . 4  3 2 . 8  2 6 . 1  2 6 . 8  
max 4 . 3  6 5 . 1  3 7 . 2  3 5 . 6  3 5 . 5  
std 0 . 5  1 . 1  1 . 1  2 . 2  2 . 0  
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Specific Surface Area Data 
North Central 
loc blk rep rot 
1 1 1  
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2  
2 
2 
2  
2  
2 
2 
2 
2 
3  
3  
3  
3  
3  
3  
3  
3  
3  
3  
4  
4  
4  
4  
4  
4  
4  
4  
4  
4  
1 
1 
1 
1 
1  
1 
2 
2 
2 
2  
2  
1 
1  
1  
1  
1  
2  
2  
2  
2  
2  
1  
1  
1  
1  
1  
2  
2  
2  
2  
2  
1  
1  
1  
1  
1  
2  
2  
2  
2  
2  
1  
2  
1 
3  
4  
5  
1 
1 
3  
4  
5  
1 
1 
3  
4  
5  
1 
1 
3  
4  
5  
1 
1 
3  
4  
5  
1 
1 
3  
4  
5  
1 
1 
3  
4  
5  
1 
1 
3  
4  
5  
6 
6 
frt 
0  
1  
1  
1  
1  
0  
1  
1  
1  
1  
0  
1  
1  
1  
1  
0  
1  
1  
1  
1  
0  
1  
1  
1  
1  
0  
1  
1  
1  
1  
0  
1  
1  
1  
1  
0  
1  
1  
1  
1  
0  
0  
mean 
min 
max 
std 
S  S A  
1 3 7 . 3 0  
1 3 0 . 8 4  
1 4 0 . 4 6  
1 4 8 . 3 3  
1 4 0 . 0 8  
1 0 6 . 2 7  
1 2 5 . 6 8  
1 1 7 . 7 6  
118.21 
1 1 5 . 7 3  
1 3 2 . 2 2  
1 3 7 . 3 5  
1 3 1 . 9 1  
1 4 4 . 6 7  
1 2 2 . 4 6  
1 4 6 . 1 7  
1 3 6 . 8 4  
1 4 7 . 0 3  
1 3 4 . 8 9  
1 4 0 . 9 9  
1 3 4 . 7 3  
1 5 5 . 5 4  
1 4 2 . 7 2  
1 4 9 . 2 5  
1 4 4 . 1 5  
1 2 0 . 0 1  
1 2 5 . 0 4  
1 3 7 . 6 0  
1 3 0 . 5 4  
1 2 6 . 9 0  
1 2 5 . 8 9  
1 4 4 . 9 8  
1 5 4 . 0 8  
1 6 0 . 9 9  
1 5 2 . 3 9  
1 3 7 . 6 8  
1 4 1 . 4 4  
1 2 9 . 7 5  
1 4 7 . 4 2  
1 8 7 . 7 1  
1 7 1 . 1 8  
1 7 5 . 4 2  
1 3 9 . 3 0  
1 0 6 . 2 7  
1 8 7 . 7 1  
1 5 . 8 8  
Northeast 
2 1 
2 1 
2 1 
2 1 
2 1 
2 2 
2 1 
2 2 
2  3  
2  4  
2 12 
2 12 
2 12 
2 12 
2 12 
2 2 2 
2 12 
2 2 2 
2  3  2  
2  4  2  
2 13 
2 13 
2 13 
2 13 
2 13 
2  2  3  
2 13 
2  2  3  
2  3  3  
2  4  3  
2 11 
2 12 
2 13 
mean 
min 
max 
std 
1 
1 
2 
2 
3  
3  
4  
4  
4  
4  
1 
1 
2 
2 
3  
3  
4  
4  
4  
4  
1 
1 
2 
2 
3  
3  
4  
4  
4  
4  
6 
6 
6 
0 
1 
0 
0 
0 
0 
5 5 . 5 3  
5 8 . 6 1  
5 7 . 2 2  
5 8 . 9 4  
5 5 . 7 9  
5 9 . 0 8  
7 0 . 4 0  
6 6 . 7 3  
7 1 . 6 3  
61.60 
6 6 . 5 8  
6 6 . 1 4  
5 2 . 8 2  
5 5 . 5 3  
4 7 . 8 5  
5 5 . 0 0  
6 1 . 6 9  
6 0 . 6 8  
6 2 . 3 7  
5 7 . 2 3  
6 6 . 2 6  
7 0 . 7 3  
6 9 . 0 4  
7 4 . 3 4  
5 4 . 8 7  
6 6 . 9 3  
5 7 . 6 5  
5 9 . 2 7  
7 6 . 9 0  
2 2 . 1 5  
6 9 . 5 0  
6 8 . 2 0  
7 0 . 1 8  
6 1 . 4 4  
2 2 . 1 5  
7 6 . 9 0  
9 . 7 2  
180 
Northwest 
3  1  1  1  0  1 5 9 . 4 6  
3  1  1  1  1  1 6 1 . 8 8  
3  1  1  3  1  1 6 5 . 0 7  
3  1  1  4  1  1 4 3 . 0 9  
3  1  1  5  1  1 6 5 . 8 3  
3  1  1  2  0  1 5 7 . 2 0  
3  1  1  2  1  1 6 0 . 3 5  
3  1  2  1  0  1 5 3 . 2 7  
3  1  2  1  1  1 5 3 . 9 3  
3  1  2  3  1  1 7 1 . 2 1  
3  1  2  4  1  1 7 8 . 8 4  
3  1  2  5  1  1 7 5 . 6 6  
3  1  2  2  0  1 7 6 . 2 5  
3  1  2  2  1  1 6 3 . 1 4  
3  2  1  1  0  1 7 3 . 1 4  
3  2  1  1  1  1 7 3 . 6 6  
3  2  1  3  1  1 7 3 . 5 2  
3  2  1  4  1  1 5 5 . 1 0  
3  2  1  5  1  1 6 3 . 6 1  
3  2  1  2  0  1 5 9 . 6 8  
3  2  1  2  1  1 6 5 . 8 1  
3  2  2  1  0  1 5 9 . 9 7  
3  2  2  1  1  1 5 5 . 3 3  
3  2  2  3  1  1 7 5 . 6 7  
3  2  2  4  1  1 6 6 . 6 4  
3  2  2  5  1  1 7 2 . 7 0  
3  2  2  2  0  1 6 6 . 6 1  
3  2  2  2  1  1 2 0 . 4 7  
3  1  1  6  0  1 7 9 . 7 4  
3  3  1  1  0  1 8 0 . 5 3  
3  3  1  1  1  1 7 3 . 6 9  
3  3  1  3  1  1 6 6 . 2 3  
3  3  1  4  1  1 2 6 . 8 9  
3  3  1  5  1  1 6 7 . 6 1  
3  3  1  2  0  1 7 1 . 5 3  
3  3  1  2  1  1 6 2 . 2 9  
3  3  2  1  0  1 6 4 . 8 8  
3  3  2  1  1  1 0 6 . 6 6  
3  3  2  3  1  1 6 6 . 9 4  
3  3  2  4  1  1 7 0 . 6 2  
3  3  2  5  1  1 6 2 . 5 5  
3  3  2  2  0  1 6 5 . 1 7  
3  3  2  2  1  1 6 0 . 4 5  
3  4  1  1  0  1 6 0 . 5 6  
3  4  1  1  1  1 6 4 . 7 8  
3  4  1  3  1  1 8 6 . 3 9  
3  4  1  4  1  1 7 2 . 0 9  
3  4  1  5  1  1 7 2 . 2 0  
3  4  1  2  0  1 4 6 . 0 0  
3  4  1  2  1  1 9 0 . 9 1  
3  4  2  1  0  1 6 0 . 0 4  
3  4  2  1  1  171.19 
3  4  2  3  1  1 7 0 . 0 5  
3  4  2  4  1  178.17 
3  4  2  5  1  1 6 8 . 9 6  
3  4  2  2  0  1 7 4 . 8 4  
3  4  2  2  1  153.16 
3  1  2  6  0  185.19 
3  1  1  7  0  1 8 9 . 5 5  
3  1  2  7  0  1 9 4 . 0 3  
mean 1 6 5 . 5 2  
min 1 0 6 . 6 6  
max 1 9 4 . 0 3  
std 1 4 . 9 6  
